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- ABSTRACT. -_ _

The three volumes of this sk ' of which this to Volume 2, are workin malis
for the designer pf military ele, 3rnic equipment. The purpose of these manutla Ls to

-provide the engineer with essential data on component parts so that he may "ledt -s

- use these parts in end oquipment with the greatest degree of reliablity.

I V Volume 1 discusses the criteria for proper selection of c iponent parts gerrally,
the& military specificationi system, the~ implications of the use of nondstandard parts
and, in the major portion of the book, four basic component parts-resistors, cajpad-
tors, relays and switches. Because of space a&d time limitations, the only types of

'~ \. these basic components covered are those for which a coordinated tri-service mJlt"y
- >~~cification exists.1> ! This volume covers power aources and coaverters includtng selenium, garmaaluua.

and silicon rectifiers, vibrators, dynamotors, tiiwnsistorized power sv.xples and
batteries; fusea and circuit breakers; electrical indicating instruments; printad wlz*G
boards; solder and fluxes; choppers; blouvrs; and tranaimispilon lines and wavguakid.W
Most of the emphavis is on component typs for which military specificaticas Qzk
but other types are covered as well.

PUBLICATION REVIEW
*TNe publication of this report doco not constlite japproval by tho Air Ton's Q9a

findin or conclusions contained herein. It is publishod orly for the .xehan CA~

* FOR TUBE COILMANDER.

George r. Watktna
U Colonel, UAW

.1 Chief, Slectrordc
Components Laboratot.4
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deigerINTRODUCTION

nob overvbeienng need fW~ impieved reliaIblty V2 idIw-y Acze-

port Factual if1rmation ispresented on compooent parts nee"s

by the eqim tdsge oenable him to 94eledt th prcfe~r comn-
ponent for a-atclrapplication and theu to c- it so thSk a relLza-
ble deui~pi s realiza&c

'n 'atewon tre volumnes plak~oed for thn report Vol.-
tmme I icum our mponents-real~tors, e4-_oRru, relays,

and withczThi voumegives applicati n foima~1oi o-a tlQ fol-

loigcompowwtv-powr" souces and convertem~ vA ei orcult
bekrelectri ndicating lnzlniments, printed wiing boards,

inolder wad &%'es, choppers, blowers, anid r-f ~aido ~e
and wavgulmlle coxnponents ploroed for coverWe in Volume 2
Include trarozars and Inductors, connevtora, tx r-d cabla,
terinnls, tube Wid, vlbration isolatorv, akmA and ceals, andS 1 1 ~ Militay electonc .eq~iprwnt muot parform the hrmii fayr hich 1!
Wn d&sgn4d at &x reqoA.7ved ntant durin~ a miaicn, rxZ.4or the

- - onvironnen"~ cmditioca encounte red- b other vor ~ thacq4
ment niact ibe rdliabr 1e. Itf. Wn prate Vihout fairm) for a fivma
porW o. time

Miltary7 opkait MBz become complex to a Vee hich Wan

uiibeliovv.ble zt Gol edo~e of World War EL. hi rplfa U~ Lh coUnual
incroans in comlity xvakbllity mnt not oanly to mrn 2ize, bMr
It nmu~jt Ni Imiproved ao that now wepono will hAvn the required
etectivna

The Arrll,;-bty cl rnncb ol tho prert cqulpmtr 1A &0 not W
much to unrell~-We c n"xentg but, In many cane, to ti-kir Improper
uri In circuits and to lxnpropor maclignlca ad therml dorigris

A mature eivtiveering design, includi Zho prcper zplntioa cik
cornponent, renni be combined with ncapable adcbrn or-
ganli-tlon equ4.ixd to cnatrol tho quality ol inr ial , pcannno,
and nmanufsiciuric Z operaloni If the productioai of 'iabIes nalltury
equipmeont io to be ~wpihdIL Th~~~'e o ~r--nfcn~gteax1. Must Fpro&duce algit tfha

anbe r nuctrdusing aynilablo ele~ctronic corn mA torn
perform ttw rec,Anxod tar-k reliably In flhe h~uds cS Wh cvztoihr-

The ilitary Pq-artnEo1t&

Tob accornpflW thi, it is neceosary to pror~1'3 ,e d.zeig arA U-w
maznufacturing opez2Utonn by laboritory toots, fie'l irstv, =An evain-
Atlon teotB, flrst, ci tW -11yuetring mnodel and W_-CC-4l of thiz Pra-
ducLi-on pilot mnodes-n.w~ Tc eainia-tions imin b-, mnade 1y tochnical

X;1



anpepr2 o jie PCOV r s-ezr avice cenditio, and the necessary

corro~on3MIL~lba AS-l fore tlw s Tart of producton for actual

Zixa e d 9.2t the iAwirn iar hiao b ,ivmes winl Ms-
t -rially id -tole dae1ocier off nilitary c0ernc qimntI i
effort to dssip and bnUil w r rlijs eodpxrent aad syemws for

Su by our Miwl a hywt~.n&

hIbw LAar m%)o OReUzbIIIy

W o Electrnic Eqatpan O ffcetfi
Msistsnt Se-ertav of Defense (He-
w.flrh and 'ilnn4
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' N U~e

AND CbNVpRTE1

Al ~ct-mi eupen z~uriaeacr- ai PncOW R SOURCESr

A1

vmce utizxl incd -t.ingixvlzo.a-4 tt60MAz

fre1c-aclao; biut much is also rovored froa,) 'rnntzje
oi, p.eA or tlo hisc 4 i n hdMucwid rue- :tfs u mfo

as tho dynamotor ox vibrator. Those several arep rctllarB uiing aeolonlum, bt1 co:-rf

dlenaz and germ-arduni

I'RECflRERS&SELENIUMK aRMKAKUM Curran-t atd Volta'o Ra ,-s

I I ~ ~AND SiL-CONFtue11idrsocvl-
j j tis a rare fsituatlca when a-c powe r C-- agxa ca s ing he~ ~ b wlI ~tainabkc tro-a prime mioVerr 0i? tram Mbec -an curet aen suiie y eI coodtctor ractifierp. Thius, t- range In rai

ji ~ ~ ~ :ititiea can be uzed without aitoratlio g hlgh-votzx-'u Io-currrnt do relia
eetrnice~liot Ueually o-hO , ('Wow00 voltaj at 01 B amp) to a low-voltztge

mro O owered or rlosdIn italy high-can-co pou-a sourco for 23 ryac-hro-
every cars considerable 0-c powsr Is aliso clorn requiring 20,000 amp at 21 voltz. ft

ThN~~fis-;L 1 ndrtood, that ihis rangeV is tjclonly

- host 010lcL4-oaic equipmuz* getp Itei rulred adatlsti~
t 1drect current from tube4 rectifiers, Was au L" niU-

I lncntmr-a~ing amnoun of equipment ti, ei
caxintor rectillers. Tbn ujift fra ftb As Wi a-ll othear tzctmicsl matters, main-
rcetifle-rn toward Plamlc-cnductor types to very factus-re "-d tusrs of Gctmtcc'&ntor red!l-1- evdent. Tuba-s as component p-2rU cit pover lions havv creited their n-.-n tarinn~el-
g7uppiy 6systems andx tto systems theMecivea otften using words- which have different mnea--
arc, z&cquately cuored in existing litox-atui-e iags in other bi-anchez oV tecknclogy. A few

conductor rcctiflers 2a treated tn sonin detail1
to ald tbs dzsign enineer in ooeting and Forward Direcitin. The diroci of leanot1 up.!g ther: to attin the grezterti dc grao geifsirally t enCW r m thoa a ret

'bul a yIgee ,to ol
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DloclngLayer. Vextin ayer betwreen

Sthe juncticm " or barier laayir.

CoCl. Basic rectifier consisting o a pogiiivo
q electrode, a negativo electrode, and a recti-

fying junctico. A aingle coil Is a rectifier,
- rectifier stack6 are somitmes made up cd

several Cell&.

Counterelactrods. A good conductor sop-
&ated fromn the selenium layer by the barrier

_______________fit _ or blocking layer, sometimes callead the alloy,

a LoI IiIIO\OGMCm Stack. An assembly oll cello into acompleted
'0ructica rectiir.

Cprtridge Stack. A number ol celia in71g. 1-1, Typical mpplicathoi L4 d-c power remote auifrsml-uret
vhich can be tmptied by --- lcc-n~ictor recti-
fiert. (A) Industrial duai1preclpitstor, (B) Iioio- Uhvlaeupialrs
ty;o d=a: precitiltor, (C) Electronic, isle-
vioton radio, aito amplills:-i, etc., (D) Motor Power Stack. A retifier having longlfec
clontrol. varia~t caeed. dynamntc hrakng, etc., idgh-curren, ilu-volta heavy duty. Fox
(E) Poweir convzrsion, (F) Magrotic tnl ots welding and general st~use.
(G) Automatle-batcry charge2rs, (Hl) Trickle

4 - hsrrs.(0 rc urnceCS)Cycotrn re;- Ttite vs. Semiconductor Rectifiers
flat, (N) Tciephonea, Inustrial tr-c3s, buslnen

(Ed Eiztrplule~ Boh typoo af rectifers hare ndvmng
andi diaadvantagos Gas-fflled hot catin
rdOmYe ctifier tubes may bk, abou sfiieta

F4 ForardCurent. forwzrd currient to tba aemico-iductor ra-ctiflerz eaept at low volt-
curren .6-w in t l orard cc coducti.-g a, but most el-ctronic equipmenAt uliisa

dlret hih-vauum rectifier,3, which are not Go
rfilcient.

Forward Voltage firm,. Thn roitage druop
tha reuls fom heflo .o current titroejh lthe grater efjficincy of tlh': sizlcon okr

a rectifier in tho forward diraciloe._ Lrananiwz- power raectifiers comrt-roil to
czuusn tuba rectifiertg ham a 'very iziportant

A ylied Vcsllz'sm Raig. The ammum ro- b-atng i rtry -'quipmont whar-3 tewtioai
emnscii~~~hA~a-cvo~~i~rf ttmabe1T. InWeight Is als: ioae

to rctfir.A t,_ul sudy by Penlmn of Ronzo Air
RevemreaD Ir-c tIa '11a direction. aE f-lvelopnient Center, U. 3. Air Force, girev a

great-est resit-ace to curr'mt flow thrcagta &krect comparirs=on et ir rectler syvstema
rectifyinrg celt employingi the0 ratms Coulpoz'nta except that

oe vsedi a 5U4G tube and tm octher a aellicoa

Bick or LeA.-ap Current. Current liszt pmt'er rectiffer. Tatle i-I gives the ctdaA0
flows rn otY0 revesze &% n .hzz the a pplI o4
voltage is on M the oaiccesdutlngi~ hall cyciO. in- tower internal reisltance drop In the

Backacros slicon rectifier sohowsi up In the decreased
- Velage.Voltge dc~ rcti- ti"s voltag ceq:uired to doli-r the require d

loen when apl ed 'vltageo is in the noncomttct':- okLput volta)gkf (250) and cur-erA (5W i).
Ing o~r nrve-ee dirctimC. Thiis mneanis that 14 Vexiot feter turnsa would

be nede onthe nccotxiarv of the Input power
PC;laerse VoltaeRatin. The maximuma trzsfm-rm~r. Fur-thermnore, no fILament wind-

pctAeU21Almta may be Impresse d across a tag: would be ncn 4cd. .0yaoesgi the power'Krectifie r umck.r rpclflod condltins. traa''rnwer and filter choikes, utilliiteglIaTrgr

tyfn netet-iai Is Ccattt Usually a,_ _,xu~, 'Pcrlman, Iot, Tbew Power Suppiy tA iiltwayV altkel pltcl fI" acionlum Celia, 5.sIpie,'lt Croverilo R*%cord, Part k ,%

7-'0- ~
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WI OW,-2pw'

9, tn~mcr arfa~sj

wattS Wf 4~~~~k ~~ ~ ~ ne5 e C,44_ _ _ _ _ _ __2__ _
1A P'GI UUMU3I -,wr asslpatedtu9 _____

~~ #- ecouwuimes Rn waet heat cmzd be weured. E3Uted ilroai rate WOT'k cux erysta! (dea.
Becaia the troneiormer and chokes would be Since the developmeet DI the large-areage-
no lWWe than those of the tube power supply manliw3 retifier cells In 1052, over .2000

sytew ad because the silicon unit would be kw for d-c Frowwer rn1 have been Ilall&0

A. amallere than tks 5U40 tube, better placemen-2
kt -&%,,N ag these compaonents within Vi: equipment wu&Vpdgr=mfn 11orel

cap" be g'urd V oudWre te etiir iernsha are aa~ a h
4' -. I n~~~ight have a bulb temperAure its of 150 Ci dlti faieIt ~~~~aboe' ambiont, a properly mounted zlllcon ~ hA urs,

ante wndttd probably experienco a hea riso fiiny '4OI12
abce mben C my t 1 C frwardLw VcQltago tQ~i9of >a'm1u units mty

<."~~~~~~R R bunbetec4tI ems than 0.7 welt and l01s1sthan IVolt ftw
6\4~~ Q~na.4 2150poits at he mi tat siicon Ths, ic oltage and pouek, W4s I-

t~jX4a \r$3Oc3  I~lao "can
3 1 Offl-tivA W tao rectifir lcelf Is vory low. (13ce Fig. l-t )

4loam n well ag teo tOexee regulator tubes
(Tpo 00P"W) Vith 6bcut n fitet of the a 1.r'orrstne.(o'thrwe

pont' temperro range for each tpe, the t}-

erfoN', Ah I' l z e ci n w 0 43 1 m tl a ta ce U, the nco w& c tng dre ction Ito vo

1 souh enerainserouly 244 pssstdltlz o ft4~y. Ifz forwmard and A-OVORfi 'Ze PXr-
-k Ida gulcoa or Germnanium recttfloro for the atkec fawl-tnslcno e'

pci-atr~~~~~~ " vy4nO2hsdZa~ autn hvtioa 6o not change with tlor
traoito.~as regulators where ft lriot OUR to

Pats SF~r. he 1NAction canne4d by woisturo<7~~~ ~~~~~~ I i i worth notiag MAc a tpc-A; GCA aqA )- o a ie~s h tu t er
Z r a m~~ed Inq a traior *irlOY'3 eidurtn the iitianlon nV fabidetn 10ross id

N ~~ tuho-reguhited power maplvloo, tt 4 74/2- adtialjctu ontonIreiedwix
Let' equzPnimeat cocdegy nit Ag 1 'ic

radar rxlpAMont anad air ~oiiditior - w oatdh t Vne.Whth seto
t~~>j r~equiref a oinenl dri,,et generator sae taienoi k~(.I otepcaj

for its G@Oratioa It As c=nY to 4, lfte te adnttefitonwzhdtrie e
'-44 -C savngohi cmplxity, P'a (tsiatlo, m1 ty 01 the mectifier to *Atbzhind corruijre41 t -sv~~wlgt,4 by proper uxir- atm osicondwctor aueriadfrIt

devices o-odr4c-vmc tithaeoqntfr
W oathe 1plwrmnv I~ oel-~v ~It' ~ ~ '~''~ 5. Wide tot 'etire range. Prper esn9 'IO~EICAU1W4ANY ~-ermits gornxdut unimte to bze oporated franm

QE"J . ADAINRET7O 6 to'tS 10 C 1. a-d zlcen frm-5to 2SC

~~ IS IiF - seggiufl, capper oxide, %1A martnestujm top- Ptoer Rcctticr," Casuscda n Iectro--Acs,
~~q0 ~ -. per m'4&EIda ty Thosq new rciafer r- Jj ?.S Jrark9

6a" t4x- 97

Y -~
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.Ad, dlicon can handle NowldrA~ Aga

z -4CO- peak inveros voltegas coinParodtoirmnn_,4Un

z s o that fewer unito iii ezeo 711 be lrd
V i. Yor voltagee Pbove nbout. loi (1z z!W- w

0)indcated. Typical ci erllle ,
germnaniumn wWd oloanawm eotlfisra ste

FORWARD in Table 1-2,

DROP VOLTS P

perature than Zermaniunm who ee loamp i -
* -. i > creases mid peak inverse voltag &cre, wn

az the rectifying jimnction tompeamh in-~'1creanwes.* The zpamoe ffectB occtwr -Afih rdnevn

Ai2l but at higher temperniuon,

?k.12. Comparioon of e-elenlum. gerznani=~,
Altho~gh nc stated abovo th iwo ~ci

Cownltum and 55 C for htigher power (M9), extremely _ThQ Uh olwln ttaet
aad manufsarturera producing to milittsy sumrz th plctluI nnl of Pcbrua~y 105

Opeofic0Atlon will rot sapeffy aboveo 1 50 C Tuble 1-2 gie additionA di-i losb,_
ambient.to wide chingoo wlJh tima-n

6. S-l aize, Tho on07 limiktan on, comy-
pejetness lot thea nbility to dinzipa Wba Selenium. Att: vctlvo from tho 01i
gonerated interrnJly. 'Roczuoe ol tho los, lonag expoiiencs, 04-v pcrwz r rang-e, low' OLEA

forward-voht0 rop aikd sminl leaka e cur- good reliabWLUty, a~ ovorlQo0 jp3Ycffaa.

recbfier and, thereforo, thv rectifier packag G Ceriyianiuni. highest in i-ar Mt~iCSCy
can be smal. "Some of the tran~fornierles tbd not eitablo fox, h1gh-tompoatvw aper-

uio(water-cooled) have 2aimoel- iO-.kw ca't- ai
~ ~,put peRr cubic foet of volume t -qnIred and vqp

to 60 k~w par aquare foot of floor apace re-
Cpibet Siicn. Ytn higesrta oertig earaur

4u ti~o.has 14efnte ovradgtoz ziruavrc)
All of these advantaget3 ceant bO attained capabilities and tho lowoet le o;erar.

without soe minor concatultaal daveackc,
Gonanulln and ai11c4n I "ctiflers a" Thrnan lpecia-r 4wr7h

kaelhoaling when they Are subjected to volt- nwra Ius o "whicl pe cna- e larur t
ages in exeeo hi reakdown voltages rtifi uehaon"wic tyi ur d acx iy ha,-

in tho way that selenium ractifiera romo- rcfern ouearing ciaacelrle amih"
fltne, are. Overload currents mnust be con- ceti uswnghaaorti;

i3MreJwih mrecar Angem~u1u-.Aam thes3e characteritetica )re sinii ant an
zild-, e lls hith more care irnowC ge ntIvoi and application, thay foirn a basin for a k-gml

tenmai reglistancc &oem not limit the cicult slcin
current, end their high current density re-
fmita In corx:ntrated heating.- Selenitun re-eti- In njux.amary, however, celerdmna reitlrv
glbr-s find :onM0 meas..ure Of 114_lf-PrOteCUlOn 1i4 offer F)-od rervico under cli-sur
cunt iiigb hi thrci eit overlo;;ds of voltage andcurronlzro. rejummay

zne an frm lan oncntrI~oi o bet de ecountvrL-d. 9ilicon rectiftors affier high5k'-

precn lss amicnron cll cn lo
-uppleor ai current GermtliLaium ande very wzmr

W~~hl," . .,'irect Wulrr Cooaned Geramr--
P~ywer Secter," Comrsreuiicaticyi aml Ilcctrenkcs Altouh the fundamental principle od ac-

A199, Jairy 1957. atlon 115 the sUmne hhei-lib the eiek-

4
_ ~ im
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A"et eeim Gemmr 11~

7oin t-Ml&st

foiId =p pe -LG
Ovrod Jjxei ft -tY

4 Property SeleniCum Cyce uaim ti
.7 Working furwrdt dual@I

0 ~ ~ ~ ~ ~ ~ ht forard merv i. 1 £00

Reversed ctrrt densty,
- F foarda rev s n. u to 20. l~OA 1 I tMa

ellrs voltg e el m 015 3.5-M~ 3310M

- nOtirlfoard revese
(ol-ag, volts MM 404 ED-tS 0

apcin per q in, onl 20,00 old

Overload freturre

deg0 new 15 C ou3t20

Max hotspot tes1peraiura,1
deg C 170 10O 210

Hleat vtnkreivsvd$ No Yea-
l'ficloncy,% C0)£

Largest size, I--
[bUal~leat size, ma1 h Sntnmi) 1. 1.5

Resistance to CoaMninalice Thick paint iand lnhmdt llermztl
hermetic seal -cal owa

From R, C- Itchcock and S. K. Brayohaw, Syrtmc Cernu.
t tTwo typca-es e~m ttndfr4 m~n -A9 C hs.~4 r%b.

temper-atur unito for 1250C.
ISeleniumn is an area-, ty rctfir with a bult- &-1mt sink.

- is germkAnum, selenium, or Bilicon, theo Cell 1flrszto. Uica 'low aire 9'k0 pris
methods ol construction and operating char- ofa alnglo selenium rectfieor cc-IL Tlse rarin-

Q ucterlmtflt differ In variouta wayi. Fa' that facturing proc-onces doecribe3d ayie bvrie, each
reasron each type 1r, treated separatel I nanufacturer'3 processee varyimng.

cut ~ ~ ~ ~ ~ Ba unn hCTECR h at rie. Thi base plaINIto i natnnnI -from 0.10 to 0.40 Inch thick, znd l. eIthe-r
Ae from Instrument rectffiers, wich nicelor wemut plated. 0feit1echd

C ~~~oniploy ctpper oxide, selenium unite a-rce Whn:5n30t no tmii, t ri nc
meet W-Idly used of all the semiconductor baepaerqb e;btwhncomyi

- . ~~~~~~~~types in the electronic Indbustry Pt the3 prerent iprat rnpaemyh tdwt
tim. Ter ar tw bsicfors f tin alunilnuir - th;En nickel platen. Tha nIcktl

tia Teeaet xfrsoths Is esgentlal Io Plake the selnum adhere to
- e~cctifler. One Io the enicloed ca-tridge style, thb
- consIPt~ng of a number off disk cellg In Intl.'
* -mate contact, which It; ir-eqvonil- ised WnI ~~~low--power circuits. T1he oAher to t-- sftack Slnu plcto.Ata ehd o

form comamonly used in imedim andihigh- the seleniumn amoeacb r-, emutitzv
powr tr-ult, ecret, b,% in m the mater-led may be

o vaporated onto the car-e rlatea, pressed, on It
ConructmDetails fro~a, pwr t 2000 pzl a-t 12-5C o p

-- pled in a molten layer. .Oy cedr-ollod best
7"TIV (C-11struction detai of zl ty-pical olo- treatmeont, this selenium laynr lin corarerted

njlu= cell are shorn in FPig,. 1-3. to the required crystalline sti "dtua.
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113 PI1tv ftu' 'Aa & =hc of

ofs each-- cein Act a wor 010 tagb4pno oXM

Seeium -Bstdeilofaalnmcel It, newu (vsd Wjviod3f ths (ltbo ntaw M

Blocking~~~~~~~~~ont LaeTemtosb hc h rare, fo mm{-s kir db1

layer Is 1 maoteetona teriego

Crslouinritrc.T-iisalyro cad- yide w 2winc Open CotUetl

a~sh i R lce agans teyaloesd
Centr ofebl eH onacetl wmouing angd &pn&uloni

Stacks.~~~~~~~~~W Iniiulslnu etfe e~ yaith ofol~g ,lo tuls)bing Ah sm I s

are gf-p. Bi dtaks, whic g oinld hee lain
brea e~slfictios byuse:cartmge r-nio, teig oiL A rOWe spning-ceaiach)atl

I floin of dercion pisdo nth malear-ct i fro lin, e) i thr and -qaais 4 e thel o s td c-

landper. Thneajrdecwil be ae wtherel goteIq hnpae vrteislto po
rentfer sanid s tcksre gonrop of coil the% col Lc indidua colInchraedb

scks are gcroups Wof ul Inerie oford znl

medium volag- and curns 150 to'Ilsc 400
vtaselnu sufae to 500-0 mOW: Pon1e0 stacksl -A 11 are PCg,--. .

sc by aeis origt series-parallelicells forlmediu

votauand hndreidsa sampere -fr ello-QA ,a- ,-

plattng, 30tha to (10ee voltsna and 100o to 00amdf
rd ng, )125ict= 4b0 veils a100 o, 500o ampocll mp srn-rac a-

ford ppowctron hre pil oe hr mantde I hn;lce -O h iiluz(ro~o
is o r duiedacaio Is no cla-u,.AI 1iig nhg adaantb- lo - i

IL Cat rl S!atck.oun cellsa czan bep stacel -.-- 6P, NnhkdIddcl si W db

In series, all fig v thge andi way, and In~

at othe allo (p , 5e) end and a on helic l rn o--n

at them batal (inegative n, are puhe 1g 400 it (o)a rcciu

tsete, o aes a e ceght s ftn-ord- as errectmercife cak.&eb
an oewly Goltasso- metha sealin ompun vie tottm 29slnu artg-
provide a hermeti sl.vo (See oltg. -)rcir.

platnF,30 o 6 vots ad 10 t 6G , foIodig 12 to .6 voltB~' h-4 10-o160



2*ft 7g metl or aag NZ" v va?,v

*ndd-e terminals amthan placcd I f
proper pustl o22 th zeeby.lzt

uraherf; and nut&. pbu Volity of a, riettfier
My be deternlxd L7- inacting tin dth

Owe vide of tMe ceR utl tiew -ring w~hri'>

Y~gre -5sho-9 ek of 6- by 104-Inc

sieshowx a sinet & 12- by 16-Inch cean@
trith abh stai. he constrLUctio Is the3 sme

and so 00, are ci4i,"c~e for each sat L

Spirlnt and Cot act Wnharn, X1gus 1-? -

Aifols eti~roeae etzaecly * :
Is a 2Auto Dront of bntroali

presure; too Mite to ba-d for tbz farward

V voltae aratUnrls00lt0-a

Z.
K2  144 ~~~in Wahesa lnilgpae.7Iar

- A~T~~e Isageet a'' by tho

- ~ -washier which m&XI1ZI1Imaximu IgdiC7

the contact wavher 11gm agua'As tha InelUng
if ~wavher, but act against the) wkt-ng ia 7.

(VIA) ofthz soalua. ~g 4.Pbn~mk~9.Oe ~

&nntcd apring Contact. In Fig. 1-7() a frilVale brit&, 6- by IO-4nct coeu?.'
id--e-d-rln ake mWUL--)cmPowvr ciack (klomr43f alnve 12- by

tt on a worldn% area of alfloy a goe-j- 16-htwh COsti
niwn. An advantage, *-I thL typex Is Otres fx,
flow of air tbrouigh qhon curved sprlng meMbeor. iscuce imly, It cannot dsmage the
It to not easy 'Lo pro7.fdo finite spring Pros versin ar-ea cl the oiadum WA.
suro, or ! . iow-rawlzncs contact with fl1 .
1-7(B). This typleoh; i ct iB mainly oral SldContact vIWm. ThIn type Is din- oni
fcor radio stacks oa rLatively low current fg1-5)hcctevaeini1ng area is In the

center at the cell. A thin fnaniating? wiaer
Solid Contact Washzer. This contct anon, a iLL a centrzl hole around the woring gxan

sold cmntct w-Eshir W, SII chown in FW and the- counteraloctro Ii placed over bo~hii1-7(C). A thin InsulatinWg ashatr 1W is Placed the Winclatlnx u~nbaer and working area. The
on the Bolanlum layer before being sprayed diagram In on exgernied for clarity. Stackes
ct alloy. This natin rt ashr Im slightly of thecuo disks Can be pessed44 firmly togather

~ i * irger in outgido dlaiuestor than the contact WIUtot crushing the selaeium in the active
Was0her. Whan the Evli4 contact waa~har (2W ar-ca. The mcbono of Fig. 1-7(D) is expeansivek,

anid for low-current appcatnions it Is not
ADN ~ ~ ~ ~ ~ ~ ~ ~ ls- 11,1 i*M.0tmjsii-"10cnsrwtion at Fig.14

Hi -Justf~ed 11Mg 2
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A. .- 5-

Tu

V ',- Soc~*mO~A

os s

vhm C2 n. vz r um

v- t a Aqomz ~yrfn t-in - -1D om I D s(vnCi,

4.z =-,& in a 'I bM~ .'Arf

*pin 1,b Vi. -M th ftCp M) L~ ca i??; noll tn I~-C~ trgia
vhAV bygl aohe 534s laci x-1 &V vvphflLnC-nrtwla n Ckoa P-oramn

~~ I in 'nidthca-ha:, the he~ atc -kmr qt vra. iro a3 =P sig nptt hr ot
hroe Cto c nyqtor l.'196-cuF- '' 09M Fi.n-- a a kwgl 00Ir&P ikt IOl

F ~~~~ aralcole csnptmrcn rn 4t -2,ra -40 am gtrmigh dfn unotrA - t uer i un show lo n byl~ l r~ c e t-to sock A~ r-'lt eI t 1.leedb ra g A -49 pr'r&
that they arc parailol-neml 0  1 hsa g, he io~ drcnun -'race to y -perste. 1.0r

f 4ttwroe toots of Inpt oit 9 s . -, oMap Mqvamt irig.fle 142 j~f may IND t -tsted

hanitowsna b a itelwwled xvg cm-c W dtbdoe Recml nk*~ -- i.A
gome tai tv d e pa e i I n bl orj

thtl At in nowt good pracuieo to Coynbliva ina

cell aa two ormos o mu Qt'I-1 length -mad be c-nadlt.nut wi4thno prom og turning. Lea rIg. 1--8(Cj, 1h 4-- cxi~ vhalarqzivte ne
mounting bracho Isccur,!l. hal te jrnir;o
studs, with t). enatmeikaaoolot m

sis hwnt Fig. I-k- TormIrrabI. Any denlredtyp o tormian'u

Fjoe hichl.7on, tu Cina Ig %af: 4o qmnaic Poe lak salyhv
in oueh c, iIs filled with a oqwa-o Iac7rdseheg- R-Ado dt.-j have valder-4tp or plujg-in

1ta tt lountmg braeez are uso-d xon aKd Hal0os. Figure 1-M)A chO-i-z a cell "nrlcty f applications. A rILgla-angleid peceholnia to fit insmnallng Rota, C1 vei is boted to tha euw otfi stdo and to
which in tarn are hold ncemaraly bjy the one, C> Eiramatuo. -ursng the recter. On large0jPlates cm oaA WVkmU tMI brnck/lt wyr-ro a, dualP mWr-



prcocta the pieWe from pbyE!'ml damigo.
Kma&-mordod bracketo ane aqqpwcll case. C

Jt~t' jF. ramcrn aplicntlccs of cevere- viktrailes, ora
64001 shock, the bracket s lan de-

maC roiet W mixiniize tho &IhO fraME-
vy~~mU 4riclto the rectlr sta& Si

4- WA SCW C
B -- apslati J T sore kmtmrite a Caild

%atigm~~ d suirrounds tlw rectifher
siseft; the teriaae emerge to make elec-~
triedi connectons. Thepw-aeintoradL.. <~ r irovent the penetrafifw of moirLture to the

F cello. The insulating z,:iateria Im usally aIthereeW dg plAstic, which sets btlow 80 C, WAC
~'1j~w~ Isinco bigher tempeatures may da ethe Ci CEr-3--t W 1jJ cello. Encapsuatetl rectifien- o r not as5

xt~l oldao those wehich my be directlyI coolcxd by convection or forc&A air, *end are
I sciten derated on allowable loP SOrod. or I kthgh-voltage cartridge otazks, a vacrxim azi

pressure tight joint of termnl caps Ad VUr-

Melts Coal.

Paint and Varnish. After assembly aA tost0
a olenlum rectifier is uffually r, intedt Firet

the teramas are masked off a-nd Uhi tim ( rioin at Wlslin cw
>~~> I paint la applied by dipping, or spraying. The(7

Ideal coating Is somewhat floaible0 opaque,

I caopatible. -,ith the rectifier. The goal Js a K
coating which resists normal atE ouoesS Siig xnac nsh
conditions of dust, molature, sa0, atruesphove, (I)&loo (
and fugus grokwth. The paint may be aisr driet C-
or bnked dry. The exact formiulation warles Cocs WAWrilade
with each manufacturer.

< 1 yj. 1-7. Typical contact sprir.r; srraegemento4 SaltSpin inish To sucessflly iOSII for utkng. (A) Spring viasher "adinatix
Itspaa Ikcoating to needed. Usunily Wzcq . (13) Binwtod aprln contact. (C) SalkW

tWi Jig R Multin010 coating. [flit to baked It mud- coaad e-zs.(D) Solid control disk
be at a temiperature consistent willsb tima-
lenlum cell characrteristics. via~ iemn ol oec emnl

TtwRv flould be no breakdown,
I Funlde Finish. A hmnglcide vuxnlch mayl

N~ I nle, the fungicide finish Iz apTw hl M- 3 lbS ars for a cngle-plnise brldga: fire the s-c
terxiaalo ar mnaad fter 't 7 nobr w voltnago drop, with the d-c tenulnals sOwrt

cowiecte lyermc rcuited, is measured;, thiu the reveres a-c
< j pray them with the fungicide finish_ Fingi- current at rated a-c voltage, with the d-c

dide finish Is recommended for trop" or terminals open circuited, io moia&d Ted
extra high humidity applicationa- deAls. and requirements of the military spzc-
* iliczilam sa given later In this simpler.

F FInal ToeLt Following all paint 4pllfcltaim,
the stack is given Afi tor Cell Formation. During tis process the

liEek lyris formed, that In, Its eit
Voltage Test to Ground. The oluds (eroits once in te reverse directiov n i ncreased. B3e-

an lrlIioi~il~g 66 ro teoted by C00-cycle fore forming a cell may refus~e to pass 2ap-
a-c oqulinnent, usu_-aly with tice lbs rated prnclrWie current with up to 10 voile n1llsd;

I i

'YI



j b~ I'or coawectlon awicaiois, the curves for
-~ A, B, and C cells are Po generally applicable

* R above (1.700 amp par 89 In because of randomi
U variations in cell char'acteristics. That ia, an

- A cell does not necessarily folow the area
bewecurves1uI aIR o ~g.- 9 a curro31t
densities higher than 0.700 amp per aq in.
Homver, becanse the test for D through J to
sovere, It is Wirmissile io use a D) or an 2
cell for convection Woi conditions an an A

Ene cell at current densities of 0.7()G amp per
W 10)sq In. Stndlwrly, ' =L G forced-air ratiga

can be used as D couvection ratings, and H
Fig 1 8 Mathods use topoatcelrt and J for C convection ratings.
(A) Singlo nronmd hol. (B Edge holOD. (C)

ass~ib~i.Figure 1-10 ohows the rms forwvard voltage
drop s a uncto o; kd current factor for

but, ufter forming, the blocking voltage may be -yin -atn eeiicell circui~ts
as high na 45iv~ Tire acten- forminS proc- lEaampL"": A 6slge-phaae bridge for capaci.-
ean consisnts in -'dng cu~~ttrnl h tor or battery loads, curve 1, at norm2.l load,
cell in the reverse dtUo. according to a~ will hmv a ring forw=rd drop of 1.92 volts
definite time Eckcue For it ainle-phaw bridge resistaiwe loA

* Cel Thm. fterformn~ he cliccure 4, at normvil loaA, will have a rms for-CellTest. Ater ormng, he ollaare vurd drop tV 1.12 volta.
tented and may be rated in groups. Figmr
1-9 gives typical em-rout densities for two
typec eg servica, omvectioz cotIri and H~-DenasI Celie, At Viresent there Io wo
forced-air colng. ogen~-n -cwitcosiu a "hgh.4on.

city" foi 'ard current for a aelenta cell
ConvectianCoolin. Fo this service, 'or orcvcto-cooled applIcationaB. One aug-

COUG are ed aIfak iward current og gosted bigli density Is OXtOO Pamp per %q 1%.
0. 70 amp per aq In. whore the forwird relt- for bylhege-circotit resnioane loadL4, and 0.XI)
sgodropr r ss~I h etabl blo bw, amp per sq I. for a lbridge circuit withia C -

Pacitmn o~

fl curent &Dznity bt- ci the operating tern-
O.~:.~iVperature. A high densiy cell will min hotter

Mi1thn a AAid-ard density cell, vIth ahortar
C_______ _______ e~pcctod Rfz.

Forcd~-Ar Colln~ Fm l -NRMA gbudards fc-: metalc rectifiers,
_____________ . Fo this tarvic*, th;: RII ,Oae h- h oiv urrcells are ienkd wdifi~ httenra ur

amp per so tn. wherv the forward voltipoare dial - ~genl-oldslnu el
as ohwn i ~ ~operating at an amlAert tomporaur of 35 C,

* -* **~ sallA be ap~rosIwnately 0.25 rms amp (0.13I _________ ________________ Mp dc) for each fajuaro inch of retifyins
Parea The actual curnrent det'sity at whIch a

Ftectilier Vm~r~id Votj particular riectifier cell to rted dapends,.- upix
I gro. ~ (e~ti)the qu2.lity of t" prdc nd tho wn'dlac-

- turor's, interprettaioun of normal life expect-
171 j ency.- For military applications, where fth

2.11-2.30cead 50 C and where hIgh reliability and Ica
I.i-.0life are Imaporiant ccceat~v, lkvto

*Rating ~ ~ Pio os a-%db y v ~~y recttfie manuLacturer assigna to Ws~ calls

4 ' _ _ ~ 4



vi~~~~A -'A C'CJ 10 to bip .atg ratingo 0. 14 a!o1tr01
MO, but xORGMADM techniqL9ao LhaVe Oe

UF Af10 g dlo f
Ing Kubl 032, 3,' l4 o

4~~~t W, ' 0 03G 45-Ztd gtos may refuL n ub
Owma1 redrccUf in tha C420 n wofight CA
G Iact. For oAM)PIO, ft appiloatitue reqpding
2DO- to 33-~vol &-c ow into a rOLSiVO or in-
tSUVa 1I9 ran 8-platen9 ~ a-phac,bxldfge.

'0.4ce&ier O=Ak is needed 11 2--V&l )PIatee axe
ujM uzd. With 45--veil pl-oce9, the asembly can ha)

reducedA to 4 plate3, giving a epacu cud weight.
Redwenc a aoit 50 WrconL.Deaponal" i

0.2with 33-, SG1-, aexi 44-volt platen. The nerd

far 12-volt batery afrigero dictaedb t to

0 lan! cIA-cult farti pwiainI a canter-

tfra aaibiy, gar u howvr a h l2--o
7Fnx4Wxfl- rlnmg a cqfugfl 3-e

jInto per am-

23CELL mUA
Ope1rating charsad rzten,< Uer with~ n6h-

a~2.0 -- other varlablea. AUl, h~owovor, $filay the
typical Bteap cuxr3An Wino wMi Voltage IW thl

V. I j forxurd directica, _art the relatively flat cvr-
retcmrve with rolire in th3 reverco-n di-

lei't rtodula. Note 0i-tft i Fig'. 141l, 20 Vol1tv in

- ~through the xeclfe cI only 0.004 amp per in,

/ - Ind Oim nce, 'AB volt in 10ufrWard

0.7L .~y
02, U) 4.5 2G 2.5 3.0 2 T

Ft3 . 1-0. selroluff Coll 5nme (top) - e-o:..-
Vrctios cooled. mtltai2 Rdl g&M (tuOitczmb a-' In_

lorccd-air cooled. P~OzrV.0

Standardl Vc'oei a 1 5~ 5 3 5 4

Th olae aing at a znriicnhv retifier FIZ. or-M wbm r Wbqa drop (M)) ofoad
dapondn upon that ol the Ind vdual ylaur, and aknn roctfflor;6 sa ki;'Ctlon of lo2Ad facto.

w-l ha the plates arc ptA t1oRVet In0 afloo for a rl cirerits.

V .73



0.20

0.18-

W0.16-

wIr

0. MU0-t4 .
ow 0.0-

I)0.04 -

10CCF0-W~l
-4--REVERSE VOLMWG 0.02 VOLTAGE
2420 16 12 4

S600 - - - -

to .004
~Z

0 (2 a04 0.6 0a8 1.0
0A 0.3 0.5 0.7 0.9 t

H FOMRWARD W~LTS, DC~

M.% FiC. 1-il. Ciirvs for 2 tn~Acl ft-kl~u rectifier, fosRiii~ voltag'* m. forw"r rtcjtr

F: ' :._direction~ permits over 0.2 awp per e in. to lfgtA drj th-3 jUmct10_ grO 0-'O Lj-tOrG t-ha

Paz I~e (IoU), 1,110 En 0c,1r (&u:3, p

DietCurrent 0btsdnablot ouz a~ can urn n otg'i Iexceetip, t value rpeifte for a fully a~k
CThe current pam-?/d by a noleuha re'ocileir celL A typical robatioo behwoon ambieat tLam-

16 a ftuiction of thw vtapad tbo aUM of th~ poratui- and Uifa Bs 4ton ni 1..l5(A). For
rectly~n~ urfa. i- 1-12 a~it the thleo paricular caae, the nianu tu ate~~f
aprodmatol) atralgbt-lne redl that a life span c4 R0,000O hourjo cn bQ ax-

I ztack on lo-log saIao trwlR.. pocted at 35 C, bei only IWO0 houira ait 130 C,
functimx of area for a flfonm vlfip. ffthc~'gh iathouzgiim anufacturer'e can oupply utN Lo
only two utandar~1 voitn.*, 21 and 45, aro W.:ratlov up to 160 C. Low-toeuperallure Celo
ahown fox two circuit configi rl~ma) t~uglo- Rre- limilcd to the operating conditionn to thio

-~~~a t e:2 Z z :: ctrrva in Fig. 1-16(A). IN

ph,,mi rA ~lgp, etr, te rngeWtcr- ag ad t e'ue hiot

rentath-atczm e lmnlled w clar.loi r t i nei-a, We tan ~ thi an deficnitelt
ren obainblefro vit Mltas for braD owxdvlae detuna orciirofe Fis in-

4013 Cyia ambent train 10t 10ac-a oA
LoisE~tlv Lulld aori, tove be A1 C. of 01e t-raturoa

versI9 higha anodg too atffct ofe barrie !zay
The opeating ife t~nZ can e olthe(Fd I ad'rey btrnpaotu . hig o enclig to~

mainly functin of te inempr ~melt thic co ceootroac utrof the-a barirf iluy
the r rectfi4 og4e.a Cmiso otfr aur- l'occers toad areucthn thI retfca &J~a ci-

from. -...icutz~ut



100

"04M1}/ 0.45 - -- 0.2_

*ku -~ 5aW

-3 0.375

/ /> LI

} -ID0.28

Q1 1.0 0 100 L 1 ___ 1

- UTPUT CURRENT, AMP DC -5 -- 10 20

OUTPUT CURRENT, MA DC
Pig. 1-11. (Left) Prissieble current as a funcUoti of areg, resiotive, or inductive load,
40 C amibient, convction-cooled radio and power seleniumn ittcks with 1-8 cells: 1, 45-v'oli
cells, aivgle-'Tphzo, hall-wave. L. 26-volt cello, single-phase, half-wave. 3. 45ziolt cells,
three-phuase, full-wave ceater-tapped. -A 26-volt cells, thiree-phase, fulll-wave center-utpped,
(PL~ght) Permnissible ctirrent ae a fu,-ctioa c4 area, roaleotie or induective lozd, 40 C ambient,A P convecion -cooled cartridge stack.

pacity reoults. littw Th IIn It In likely 1e less thian the temparature es. the =fa
tha an open circuit will occur In the bxrier, layer duo to thw dermal Jimpedance (.4 tho
b4A the r-emain~der of tho rectifying mrea inateriala of tha ciall.
ccctin-a to fixaction. Purtial or conwloto
1mciu-* generally occurn when the cell totnper- ~ 1g-ternperature oparuticin if; t~ grime
rinre to in tha region of 100 to 160 C, de- cauee of fallure biciatu of damage to Wh

V- wding on manufacturit tocl4quoz- Rupture barrier layer.
ii~~~ Um ofth b rior layer may be cauedt by hrt

o pata, wiri n the=M~ves Pmy or r, not As eahown In III. 1-15(C), (1)), arA- (Ui),
a inelting of tha comrter electrodet. th praig racierlotics ol solonium

7lio rxctual temperature rie naoven t
Lcauurd by the 111H losaes wititin the recti- 0.350

x-er plus heat abwrbded, goner-ally by radIAtku 'D ot
irom surroundlng componcnts with bigbr -

tempatiure. Characteristically thelifRlonsooIt

increare-, thera a be interval In which 60________ 0.200__

-et-llORlzmadeese 2t Voltit fi

tota i fetveai ocdar coolin. -ath

ii / 15 ~ UM BER OF CELLS IN STACI
i* theremprtui'e ri the barrier layer ta-_tde Fig l- Forw~ard current densitev aT hail-
ihe cell be kept vithin e~afe limits. The Wave "lenlunm eci.1lors, z-esistive 1o2d, a
teeaperture rAaw the urfaco of the cell v4il a1 function of stack alxe And reyerne vohts4e.

e- ~



ta

3.7 Cet fo 0.0. . . .

a.Bridge 2 40600 IJ LOAD FACTOR
2.7 W af-iaaL ta

i. ft.Fjg 145s le. eoperature FtwJ at a Wi-

woe that ft"e curvoo are typical ouly. We van-,

F~idz atioc sad* nhe mades WW treyrls Of
thew~ cbanetoniodcs for ultfforeat rectifiar

f.0 44.1av rcttairt is blt owts"mm

WaYow z tbu hArm. Within limit.i g . 1 -t4, a ll 2 1 W O m we 0i r n a A cl. m m 0 1 c (W u f s o , i t P 5 n o t t -h e c r r~ a n t o r l o a d a
~lrcit b'slwfl ~ 0444off .9. igh a~apra -w roirndtirg from bi- cur-~

circut h~v a mv) ou-reut I.. Tktoe If the duty cycle Isf suf..

roctiiers win Vary ever !ostprseeorioui th e eulio

'ntuecnro tn pogaoerely ~ stumr of tha wit doe not rnec too Id&n,Aalai ;:.s thN it!Wti;A agL
at three timen rate nAd, reetijer periorm- c4 a ty~tta recifier tic a fimction of th-a>-

V awe is pOO2 andA tarlveDd. Therefore, not off cyzla- A fiveold overload fspermirrble
oaly are thea opeixzlin& cbnarcitlttlci do- if thea nw-oro 4 off for 2 mInutels after a
grr'ded by eanve h oas, bMt the efective -neCOM4 on period,

operatlns life Igi Also affetd ibi, ow'nr,It4
i~.rh - .--

4 '4

APROI'T lI0E 2 A00 R ,O 0 lo ,00TibOUSA$DS ~ I OF HOR TM, O
al4 I-15 <A.Lise~csyciatpcl Pg -~(I ses ek~ urn s paeeln t tife sak'toaemzkwla*rtajie.Telp 

otZ~tananbsand ~ ~ ~ ~ .a112a tarktctlarjaacotntbRotet i taiL-

Ii --... . - -Y
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1/2 ltRoted tood, Red lood,

2xRoted load ____~401

RaW 1 _w_ 5000 10(WOO 15=0

-~ ~ ~ ~ ~~~~~~~~~IE KOLA ORSHtercife a nfnt eSe eit

F~~~~~~~g.~~-19 1W1 04Is.m ,-rIts Votg rp ~ Ors ,vlae ihrt a noral cou d&b4 orating tla~~~~a. TheThenhiet voltage and amin tlrte.Hwee, b iesem of rvet
condit~ns rman consr thrughoutthmain curren t ic o thouht h hiUree

H2e voltages o higertha ort-Una o u vrl

Ti. -1currrnd ola e nto vis. votae velod
mayraod beevr operated in porllol As wih an3% elec~rcan dL :_ATe imiAAota -m an ud bie Nt rz F -1te rvre

rAdtio detiide 3U the od ewual thmtong lostent ichas tartetr thzvng the hrv m

Involtage above hh mesi'aeter rrteaV Deratinsigi rp ri atw~ra tl ve ayue toay edesul t n rtl Inrt b*
curret W i iome-air oolinCis D ecraiv dp lnct dicatesutlt them sr-re

is and a vuitaxt get and ur currentn arhch ohkse niiae voltaga overload.s2c

prwida todbA ff:)lmdequllyamog amisl npu Ia olta a o load &2r

- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ au with th auatrr htve scnle eap ied in guie.tl Wrard m atsol
a noml eslf a eepce t an~ried v taSaand lodcures (iztn frde

highe tempratues m~es te curant h twv recientrs ith cactive l _34,
voTah e o reduced.o Ty-iclen de rat ure ao are' tcinanWfoud Ivoltag oeroa ?Wti2&it a g in I d Fig. n 1-17, athe* l d ce ciruis), ti aposh au o volt age, d o7 cutobsrepren 4 rl le a nora thedote curves

wiohthe munufacturer. Vive h olo lis cde-dcoared thw Yaedth'e ape voltge -atty~

as noml," 'Li f cinimum expcted 0 - 2
vtano at Ty icleaigcr

80roel, rrd uy lifeo,000 zua

lif 5,000O

58 50 40MX
thecontreiafod prduedrec~ferI ~~~5 3nlpetadUeo ee aly o iEOS~D

:1 5f 170 4 O

It 100 to 1-.&y



r~ (9icc -12xlG

620 6lBEJ xov-, f8 x

40- 20 4 j 0 0 106

AMETTEMPERATURE, DEG C Wx

I -17 Narntirg tprs! for1s a.xL ty*:a

Mumn 3cltiftor. 1.25 2t125 I
for th-3 ractifier under conalderatlaii. Th XI ~-
pa-ik allow-ablo valuea may b3 conalelr-40 2 4 QS OI10 i

to ba 1.4 tA moothe rms rating, ofth oc

- -. ~~~~~~or a realeitivo cr inductIvo load, tho 1i. O df tilhc &3
peak of tho input ac is rcAdlly c orcovetoncoJJ4 fretiie cw
ffor a "qinn rwav of 120 voltz, the ,! ea
169 voltte), Wxt If the -od Includeg in Ica iucu may be icroaeoi tn i a
rpacitor at the roctliir output torailnane, tli-rtur ia d. ap af 42 C !,,
posiblo poak Is double that cd thi ij1-3 e-atif:actorl. 'Thardiora, a aizzck 4i eigNf 12-
wvave inpt:' (for zantv wave of 120 voltig, by 16-Inch, 241-i-vt C0ls t1 s115"-r
doublo peak Is 3330 volts). F~~r a multIplier raing of 86 am-p In n thmc; b-z c=n
circuit which Includes capacitora, the paksB rafely badlo 86 Wimes 2.5 os 215 amp wt

IftS eino-n nd ffutpabl rectifioro em-

Cooling Il~ethoetv
Th~ lod factor for relailum roclhoro 0-

may Ib afl Incroascd if omo method for U j
moving, the fluid (-ir or L~quld) betwocn t11- 0~-

shows how, utning tho Indlcattod apackn.j bo- V)1I
twer-i tho cell!o, the normAl current ratiar 3
of oao aianufacturor's reIonAiu stack~ C.an
be malrtalncd ny cn~to oli M
npacing ow-09rlbefrcneto m O
lng (1any uIro coil; cells larpo-r thxu 4 by xo~ ~
4 inchos may use half the indlcated sp.cirg a>020~ -
wheon forceA-air cooling to used. Forc*-:-airj
colig :d coils wma~ler than 4 b7 4 lncbee fa. 2)O
Is nc, usn-Ily done. Vorceid-aIr cooling t,
mos-t o'lectLvo wnen tho coH spacing Ik __-,

that ho ar flw Isturtadent r.im-z'r tha 3
l~inrcifth C11 ae o togot1hor, -.-

offly Lawinar fluw is possili, Lxecausi the 00 6100 elo 1O0 100 Q itXo

clof:0ly spaced flu.V act 2,0 ductbflst LRVLGT~F
smooth tho flow. ARVLGTF E'W

npwuc 1- 19 Phoi~i ti-:nt for 2 forced -air peratur. rite 01 a r-,?Ctttis-r .tad% A
velocity (.f 40L ICot pe iue fmt i ed~Act4n



'3 40M ipm9 alace lte teewerature Iiiaea k held. -

to 25C ahoe af5C aabot.he nomalEE

>'Mr 4 oolfg Ufs differect Apaeng &&an Wha
'§~&: ~t " 4 4 Wed for Ceeetion CCO-sib.g. 'If dghtereala c sao

* the theoretical ye ens a cooealing air wcqulsW,"7'

ior a retfier tack, te lieal19,0 f p? Oerd
4 - equred to Pago over th cella gheuhi b4 a

mutipUied by teoutline area of tire side L_ lecilier

rtifi ra lof -rfo.Te lpo
1,ecftlAee hfid nover, heparnlta 0.2 a6. a~ AhOW
toslfoi the d ACO

It Laawpogwiblo'e R eres the iais.veg Cis piex a Uhre-gOss'nc
4 rec~~sdler ip a ta~nk 02 oil, In which cooling ani.ea rcfer

CQUO ay bl 9pogk" eneral, oil tanks
~~~~ a~~~~re wsed for i,,;7-veltage stackw, my1 50ft0f0 -uaat~repou Tecrrl ici

,~~~ ~volts or higher, vtehiwo b ation an vwell nE
Cooling LO elf ?Aa~or npra acec

4 ~oad. j-!i'gure 1-21 shov@ the relatve amt
_00lllC tige C? three- <lien f0h-M-1v7 rtnleon eosn

va1ie with tne tye at circuit Omploaet .: ZQk10xop Is comlirear called conIversion
'iF',"Thea actugi forward volg drop Peresa a ffi kciec or, Cnvorsin ratio, atud Is3 tirsingle scelen cell Is3 2 volta Or leso, IN ra on1 b'atwesth acpvrapldsd

typical reetific- ">e fos'wrd 'oltago hop) ft &- pwer (woinea dv Anh4 ave lu
4vres inr qbhet O. volt a hAS rated7 aaetr seurd as3 a retAut a)bf ik reti-

curff ca to aut 1.' volts at timeso ratw( flvatlon process. C vesoefcenyso
"'W {current. In dingle-phace fulfl-wave bridge rec- sit-Com fIn Mgi. 1-22, dreo as t!he refir
-# ' '4tiflero, Ora output voltage at 4 Uties raed 1=1d ts reduced below Inu li ed. Thini tree4outpu -Current may drop about* 1) porcent becauseo the forvmrd vdl1t43 drop I rs#vofyF

'V. cmpared Wthe voltage at rated otutpuL cobtat %p to full load s'd, ZAtls toy han
W~rt A raed voltago thi drop b ozin, _ a Large

~ 6~The regladu characterlstpc of a typical percentage cn the la voltage, LSucco te li-
conecton-oold treepha e aslenlum elency decroneosq.

_4 bridge rectifier ls represented by thea solid
lin In Fig. 1-20. Theo dotted line revpresents Cell Ca'pacitance

21 the overall regulation o4 rectifier plus trane-
-'4 ~S ormer to be 7 parcetit from one-tenth to The a-verage Fse;lcauu Cell will have 'm

full-load direct current. Thenei curves axe olectreutatlc C"Ap=citance' ofaprlmty
~ r " based on the assumption tha the primary7

2.voltage stays constant under load, and that ________

240-volt direct current at ful rated leah n ___

Mw T e arve on n.1-20 Is from actual te'st o so
j ~~~data; ii0 percent reouation i nally &uaran- If-"-

~ t3-o'hose 3- pharse 2clenium rectifier~', t~filcsc Wi-9 q c resizvence loA

resistanmce devices, and their efficiency is a
fairly high. Compared to high-vacuum "'0

electron tube rectifiers, tbeMr efficiency isj 0 I 2 34
high because the latter have hIgh InternalLO)FATI
resistance and, Is adition, require power

1 4 $ - for heating the cathoes, and thi power must Wia12. rlin y nrc ypcitre
be figured into te overall efficiency. Fit~srn ph re rectifler, workirg Into a '~z~xeii

'-I 19' " ~1- 21 show'-s th0 efficiency for a '-artu day' compared to a 3t1gtwo-52

If2
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&_0 bs nw 3a tLMI leWe plvt:

;2 '~tk .oa 1"k my. wstl nvgt-*fivota

-. 4 -, ~ 4Q V fiteg0 t4h4 A &Z yeOec~wi e oectflw-$

wav ~ axoam, knA ty ckyg ad & o ,Uto ana

>w 4~ l torrr ft ' U "

SINGLE-PHASE THREE-PHASE It 11 wi fth eiSA h-c lapeL it

0.02 it pr eq n. o cellarea Tit Iiit A- -e4e C-onie =&-AT~ oar a-c Ts

:1d

the ireqvng at which eachi a co wil e- likae over a -vt~a crewr 4-c tezas: Mrc.-H~ atOfficiently. Cenaids: a- 33-volt Cell kin-~ effects (c- Irgv C4 rectance elxir,eA tZ4
dll% power --t a current cteanilty al 0.01.ht et Prw4Ymrz~vinI' Rn flore vtb a -c
amp por aq in. Thec rdorv-e recdsntaaco a P, ele raltnge% &.!q :c-qcroO peteeepli
Unit & 1 0q 1.n. Ig, thwrcfere 1 , 3300 CbawROL r ro w -,3N Japiy nvibeor othrto crm-
The, cl4X=itta reaauyc ol thi unit will etnic, adA S-C tosu giv tt er pddcMv0
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- . . " '0" atoiced lWhas 2.M R/ oquula 1, a sair

s -3 ~ -- ~W:,&t crrent iW obtaned, vW' m4 te (ufl'6n

U I ft SiiCcanilsnan W flow past the liiO-dvagneplo r
4s~oY~rQ7 ewlo. Yho load rosintanco to %opt constn

alcurv-ov on Ig. 1-44. A the W.-
~ 1y.,,. duCtznce value in lnfsroaaad, theo peak curreni

-- -- , ~ %a dvecreascd, and the time cal currant fi1ev, lm
-~" I' ~bO4 a t ve lw& RiS S roldome ups-ti

3 ny cd the tho-h~ecirc-uits.

' ~N . Rnwiuctive hick ml opaninlg d-c circeull.
Vt - Whoa deenorgied, the circuit lnvtlurtnca mtwt--

I ~~~~A M&iT lntnoh teod energy. 1It 1z dangerous
L ~ -. ~L~ -to opt-n a 4-c eerien-inductor circuit; the)

0-1~ "~ 1_1 indmtlvo krick can do damnage. J-nem.J, tho
ii t

0
'
0 1

.~ Napptxrvezd method la to open 'Z3, a-c circuit

5 5, ' .- '~s~~ - uicAy an armnleos disal--to itroll in th:e
-j r~t'T-pk~ ~recvtifivr. Thiz lo theD principlo of tho nre
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A": N"e t V5SJ A di-w rect raaa'nt tulv~g4

Vlgore 1- 47 ffite re-gulaion for vakrious the load6 Wi If0. Van tb.zt urve dre

yed an~i dineetzr nu tocml

The vLgo ci a ac-{ebattery renwmn
~~' ~ralntively couatnnt over, 4wing tir? pmfc4-iW:3. +N

wbrz wrail no charging current iron theR. -1571
nnrctfier. Banco, forT hall-wave tile Thwiea R rnrezc 1 0t
Ywngv peaka wu-t to- reiyrd~I a.5 twie tli fipyl~aorpyl~p -a p MAf

zll--habatr lhxgn, N c;r- 7 jit No~v) lvndialae H coil In ere; sct vAi%
ratig in(J.$tixsil ~e ernzi reict~c n rnic fonnnl.* voltage drop pr cl iD

lAratin2ug. (see) Fig.' 1.-iD)

ICircult. 'Ie njt I4 alol"t rcti An warhaing. o el-waerciir
ifo Tc iruLs ojt--eo ithe Irm 0eugk-pksec that the &-acon&tY ol the, =m~ty trawolarmner
vt- rae-phawo a-c inpoeto. TLable 1-8 gives a-nd one side dg the 4-c W@Ad Pxr camor-n, &Md
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ciru~t. A a tlg Wa cie-ptnnw rectier duit~r Th' (taadr t of tho khalf- ars

cictitj arm for loiipovoDrad s-spllcaticaa. raculier is the lpurge d-c C ownzt i11 tLhe
The high oupLAs rippleJla gmmiod to a vozy tranco mei- mrocak<ry. This maust Weta

II'mw dlyple by using flters siderAd In th trtz nnr design
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Fig.2-4' * re l& c! te a- inut ad te 'll-wave doubler irn t z best rog~uitrl cdi
d-_ Ltive onirit aro commoen, but C, and the doublor circuits shown e it kay ti-
Cfj cs-rcitorg lvva no0 connenon terihial. When enrxldenid as two hnll-wave circuits heel ta.
th0 tsr, 1-c loa fl posiive, 0 S in charpod; lrrct, theo doubler will have tice tho voctmp
r-re the top n-C len'Zd IV negative, 01IR drop ao each cansMnr4 hallW-wavaecircrit.
ch-rgc&. Vites briar ulartup period, Lbsa For the3 lfu-ve douhier, any one3 a1 sew-Oa4
valtage an 01 to added to tho voltage apT iid p~nomy b-sgarld fe hsI h
to he r"cihor and Cg, than doubling the pooA point Z, 6o tMat a poelttVe, voltage abterre
volta ga noe-lend. For circuit D3 of Fig. groud and a nsgnhveo voltig below gra,

14,thq d-c positive to common with one re ailable. Thin particular raxaer
taalthe lapizI, Is qplCal oX precipltator syeon.

-. 2. Omnanr. c-apacitor leads., Cliruit C or. 4- Siories r-slto.A a finalnI t on VIt:4 Fi,,,. l--49~in o.1 interest becus thefo> crutaFgs 13,hnvrcpcim
tire La.rs of C1 and C3 a-re common, per- axTn in the circu t, a serieos raruirrior In lte

1j mittiag a ob ingc-container constrction. Cir- portent. This prevents the large initial surAje
cult D4 in simliar to circuit C, eacopt that of current when thoenaracitorn Pre uncinr,-,:%
tire czemon capacitor loads are positive. For and jutas important, At limtts the peala ciar,
circuits C Pnd D there is no Ilad common to rent which eccure ,A en.ch haltf-cycles at u
beth the Ii' 'nd the input alter-nating cur- oraztion. R may tao 5 to 100 ohrna foxr nnvcl

rent doubler circuits ol I to 500 0-a inn.

3.S, ie cap~citors. Circuit E of Fig. QimdniplorCircut. Voltugv quadnzi r
1-49 io a full-wave doubler, whe)re each ca- ornltpn T~Hwv rectifie'rz to,
pc--citor, C1 muid C1, it; chnr-grl en an alternate delver a load voltage approximiatewy fMer
half wa-.ve a! the a-c Iput, and both are dir-~ times the a-c Input volts go. At n-odns

- - -- sctnMl floeU10 and SlEFc the Peak1 invers
ci). 1-k PMtanl 1,91-5,35,L voltage dervelopod acrosv theo nictifier of the1. tU. a% Paled 2,172,15 2. prevlous sectina. Caaaldereng nc as a stage <4-
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2302iegative letlo The commonha fC
and C4 nmay be the 4-c mnnus leA fortbM-
equlpwcnt afd ama

?L;Ltetrs. ffhaglo-pinee rocuire3 aMe largely W

Since even the loweat ripple factor is 49

/lt y~. 5percent (see Table 1-8), affler muot be CC L
provided to smooth the ripple to an acceuptzblo
value. FIgure 8-25 shows one setion c of acha

/I>?j%~~' ~ of0 the filter types in common use. As a work- ______it ) ng guide, d-e currente; from 159 to 500 ma
112o LC oroi, and currents from 0.1 to

/944tt. 1 100 ma use RC filter&. Tho range from 519 ___

to 100 MR can use either ffiter.

Three-Thnnz3 Circits lPWEAI

'~;tt~ ~Most medium- Snd hIdgh-poweredC Motallie
rectifier applications =so threea-phase cir-
cults. Onn of the major reazons Is- the low FIt

pjIplo In lbs d-c ou1tput. For a three-Phuneri do

A? M~~~Id-wave arrangement, the ripple In ony4 1I >
1 pe~rcent without filtering. Tim cheracteistt jjkj

cftlly lowI ripple content als-o 2335120 three-

power? appicationle. No T to it aimpler toK
gliter the output, hat the c of ripple Indi- 1

I e~~~aten that the heavy iush 01 current to a -_______j ~ ~~~~~~~~~~~~~~capacitor loA, always true ofz sngle-puretfecict;Iatpeet.Ahog h0  _ _

the three3-phse hall-wave circit has the9
hiAghest ripple fall thre-pas arrange-
monte (19 yiercent), generaly alMhe-hs l 5. JrSOtSl'IOC2l<I cIrcuits arate.d alike for aIl loads, rer-,3

t illuprten thic sprirety deao gfr l h throo -hae caki cuit. Fo rc llte atV iI.15 4afWae Ta theephs bill-wav oh-w O .19 . -P.'qx
£ I ~ ~ rctfe cults are shown o F t.1-1 or loost, flipple inaczy

conen 1,,zlal 0.n 8 inj 3 Thas ceU o str nte tea) remvs aicad ettr-oct cun4 Ripple roqc xI from thre t-pase- accetries Ao major074s

tapso ofi ouchy-ha~g trnsom-r scoar 511

wae, use wit the e-pbnri alf-w ave-1. .1 ;i
CiM rcut isow that q cl-ect crr allos I&th Full- a lfriqe.n A pUarlrv-z-

wihteexeto tha the , tire ciets Fig- o 1-52. rNo t ady dtairentflw
clow InPgf-1 a rueotgte o in th ecc~oars,r ad thWriplea IA only

fom plme trcqactiv the-hSS ecetTeep'o fa rtrtpI tm
culpwtho iaet rrente 1 raoforl e adeante 4- thairnto is usuall g ri5 asshow in he ip dagra of ig- -52.nes of tah tranformr econdie anay mbe

A-. ;t2"ng ft hc-hv- W- d- odaecmm r a egowc
wave ab itl thoaingo-p; sohalfwav

cicutintht irc crrntRon n lza Ril-aw-Brlp Apoilr 1 29

Irnfouo gc'.4r .R sslomu-ed icitt hom1&-h b-,o iarm

wilh te mropion tht t~o- ", -Ac:'s Fig 1-5.N staydrckuro f
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VPJmiAOPso tronic oquipment. A power supply built around
the vibrator eliminates the need for ai gaor--

Thei vibrator- in the nucleus f a power -"T- tor o-. 'lynamotor -hzrsonly moderAte amounts
Os Iply thW, fo unihes 5-.440 power for mobile elec- of power n-c neeeL

2 "-or detailsw c,- Vibrators grateor than yroVtAI-
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Mallory Co-, iron, irt much A, this t,- awpproach to the mobile power supply problem
conIPilC fire good efficiency, small szze (vibrator
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Table1I-9-Compartson of DC-te 00C Converaten OlyAere

Clnactrlelc Transistorized Vibrator

stsi~ocuict" 1  Oupply power supply

Power rang e (watts) 10-1000 3-54 55$i

PA,. K .Etildieriy (% i-040-fl 2154
Norml r4A-It fL-0

lux No0. o1 oul putt IinlfeW lUnUmteaS iStorage amblent -55 to 49z -55 tO 4 Mf -53 teI3

P1 (tewopern.tare dCeg C)(at mounting
Operating ambient -55 to TOl -5t M- t

Operatin ile 9=xellei Poor (as- 1003 MOOl with rai-
hours) tecace (Z-SV-J

hoc-,rg5
Watts par p O42d 0O91

6,Czkicisc;hanper M i
Wait

Ovcricad protscdim2 Can be built in Requrod Rec-sdred
Operatng on- None Periodic $ibravt' Palodi e gvntes

A 4 ein~coropLacomeot reqdutJ
Storage mintenancve Noise None Periodic POraleso

requird
Thit terlcrorc N'lkil Yes Yes

Hit';b Qltitudep SEated Spale Mr'

4 ~ ~ ~ Be 111b umfdity Sale Saedtueetl to
effectscorrosionh High shock, ti4 Neglible des Contact assee'bl bmru-3 bonnet,

lratlea, accot- to rpe moving soi'scqAtlbt to ar'-nture zw.u-
er~nparts dAmaget" and errtc ccpUbie toP

.COMPaafirdy lme{ilfcleut series-tube r-qc TI" mcthod usign ir jrttz
latex' 1n It upt leadoi. Power o.asption gtveg th1 bMrcllaiuo -
Is lncrvead In heatlng th0 atoe of recti- Cold-cathodea glo-trbe recUlloo tibes o r
tier and regulator tube-s; thiz power io usualdly particulrl-xy suitable for izpo r-Itt vibrat~T8r

ipple-d by the vibrmtor traneforreor. The and rcql re ao heater p~ifl'e.
u5eful Life ofk the) .v1brator itself aects with thMoo-oWogc vi4fso ~r~

Tho wI ght of a vibratoWr pm--ran, . nltBorrCapaltiitiee ieetweivn wide limlts, depe-ding aa-,Tcn Wu rn-

in termsj c1 pver output, vibratore ,are quirod output, numer oi oAtptva, &grois a
gone rally di-vided into toclse.Sali. type2 of filItering, method of pactmgig, nod g

'orators of tbo autionioblle radio class usually forth. Outjiat of fro-m 4 to 0iri e oo
have i sidngle pair ef Input pewor-hand-ion a i xetdios rs ye i nt(contacts5 and cau handlo poeroz uip to about rroderate incret LAj desmips frsn r mLog
50 waitt Pure u to several iiundred %,tt possibla a saving of wzdgjAZ tfirnr Z r).-jr'csJ
(,00 vatte ectinvoueq duty, 1500 waits inter- reduction io the required tasote m
vaittenit dtuty) can ba supptied byr the ra-caled also by alaklflcefion oa Ux-- flterlwgprobicsn

power vibr-ators, which usualy ha vrl
pairs of cent;actis. The Input current muxt be Voltage Rlegulation
divrided equally botween the veverat pairs~ of

conltactt, eihrby accurate contac seting, Teola rglicof£trirpwr
by equalring resilstorzi or cho!%es,, or b-y suYply is5 aro.Idmatety 2) to 2Z3 PI--crna for

it * , ultiple trazusfrercr primanries with a nape- ci-c outpu and .15 to DO per-cuna for a-C
I ratepair- of cont-ct fee-,ding each primay ouput



AContact ireqr^my TA are cafled off times. Too farmula for Ai-
brator time effntexEzy IsI Th-fe frezpteir of most vibrators Is eet be-T,*

tween 100 aad 125 cps, but there in atend
q trand igher irequenciesq. Seeral types at

vibrators operAe zt 180 cpc, which permits TA 7 T4,
a weight aving in the transformer and fiter

,j t ~~of about 25 percent. Vibrators are algo manus- _____

ifactured for operation at 400 cps, but because The ftming or buiffer calanitsnCe In z
of the difficulty of obtaining clean contaC-' vibrator power supply funetiono to lncreaac

make and brea-k at ths frequecy , contact lie vibrator contact Igo and proet the geor-
io currently less than satisfactory ior most ailer at dangerously high trall& potentlalo

2OPSRATRhIG PARAMETERS in a vibrator power suiy, th, vibrator
4' 2contacts make and break the cmmoction G?

obtalied when proper allowance is made fo the tmtkn-d wecondary volt%>,, ..- h In ba-

ther nugsa pcV~fis.Some of thece pzqp-. monic, c.an assBume A ma;gritUde that WDll

c-uxa scr.ree arcing at the vibrato" contacts.
To control those high indcedulages, it

Ti meClosre Fator -sine aCnons oio0 (A the tranonerirr wirdin3!

The imeclc 7ur or imeefficiency Is; tho
ratio o-T the time th3 contacts; are Icvfid inductanc citetrnfr Aer ndig to

thengP Interval c! one complete cycle ton fr ued i-alfy419GAI iz

Thinvale rtio mauacur- tance to mt ite traaiormo-r anO. -lbrafoar
eec, with selected lrquencios, =Wd

niYth gigof tevibrator, -,or highenat etii- bV moade to perform the1 uzseful function oq
dlemey and beet resultB, it ci~iould b-i kept, as orkgi.Inue otgertig o
Large nso posible. Present-day vibrztors; inesM the~ b oltnqgo iwlc3to the tran-i-

havt a rns ffiieny at0.7 to ~os -~ former by ihe closing ol the) vlbrator cegs>
"Ivia nedinclultgtm efficiency as a.5t AD.Tw torts3 eve the-a sncedlr balf cyl. h value
fimction of tol cycle Interva arc ilhtetrted ftitiigcpctneIusy rtca
in Mgk. 1-6 1. TeIntervalo Tl and T' enn-TVtheeico it ax~vs rer

re e r d to an h e en l m s n er a s T int r o prd Poe bco the circ at axed thA v brta-
vferrc~~~to wncn t raio ntraoT n

v-lsof CAPzpnltnnr rftWred to I-
jzolyyvporioctal to the 2square of thea

Vol--- -A -Ipc L 10Moa tnLore n alorial

nerede. Picin the capbrtc fiDinry he cod
the th hhhe' r .F loowge encvut

ary circuit permin ;k rc-dLAtio In value he-

To zcie- practIcal-sincd cacltor, alet-
I. I trolytics muzt be usevd; lev ana this type

trleticM. itz ;2ze imlpkxes valte and temxper-
ature ]lmttatlons- A capzcitarce close tintha

value- to give the corr-ect. frclqnwmcy atc"ci

ILdcin ttr 100 percent oereis qlvm by

Ain t o....-

t~fl4<need u. ?JaLrtn nsnw > efltic of . j' 3.. * -1 r. tV.'. .A



K ~ ~here tsa" iercjdo ni path in anceo Atr otasomrccdary circuta, 10

at the value of D3 correffpondtng SEhLC'XMiN FACt Z2
Wt vibrO ~Otm fO cec OLectiond a pruaT vibrar to be Used

'z vbraor ine ~ I detgnlg asiran~ raairs acomparative
E highe-st battery voltage*

U the csjN citor is to ba placed across thle ~cm 4  vial ltor typas tht will moet efficiently at coma
primar, thenmotilAe the dynamic lI" cuardthzrs to ha3Jfs . riaetett Selection oi a vibrator shold lx>-k " cx y~~~~} corporate a ita-ble tmtfacto.Tec c

It 1  betwcen an lnts:-,upter and c sell-rectifying
IR' N vibrator should be mazde accorigt h

Variation~~m *ihA ia fsrvice danired, the operating eg-
ficiency necessary, and the limitations C-11

Vibrator frevqwny decreases with age. tho v-aios vibrator mechactAnas tlieinslvax.
clency also decreases beenues of contact wear. 't )rzor Is strongly reenniaended to talc)

Q Proper componstion requires that ths timing advantageT ol the^ antenive environmental ari
Apcto~ vauebeincreas-ed somewhat 4iuove roliabiliy tooting FLcii pr'odsctta units rre-

the value needaid Luzr a Bev vibrator, solve 5=d to Am-npliy ultirmate replacenariU f itcvibrator t-At The sa at otL- Mz
UAn- the vibnxtmr caltacts veranr, 6, :%eJ will Aibrator!, desaignIe for yod apicgatLWn

appear? mipcrintyce-d on the voltage cozput should be A';clde & £ th vibratoru are scsi
. .... . wave. Thosei tpika repre aOr high ha1rmlonic readily 1available from coimmnsoturcez P-At

-.. 'transient voltages tht are fidrid to the hight In 50010 c2'aza' the SP4cia features megy
U ~~output voltage dAing no-toad conditions The inoe co rmio fovalopatgVrvsultinig pnak tge may pamturetU, carA- oiemry.

-,.Qtor Insjulation Ai>'ea the aelected volta go r-tig ThfolwnItm oldecnserdI
Incoportesa sae..lncnr.the, csetion of a vfbriator ioy,, any circuit

12-Volt Circuts

jt in deignping circuaits for use with 12-volt 12
or higher perso sources, a 9hcnornenea i Vibr-iator arc normall1y ratc-d at input, v&iti

-encountered that I- not pAcovalent in ti-volt ziges ti 4, 8, 12, 2 .4, 32, 110, or 220 vole U,
circuits. It is referred to an starting flare Circuit denign b-,)u nbeaie-d at aczommo-I ~and is cap-ibis of &nrying vibrator contaicts daig41 ftoecaeiaa pr~t

era rpidly. &ariing flare regulto9 from voltge. At shul-a not ! tht uch sei
saturation af the viorator trnsor Me voltagas are r" 'Al vawe ad that iaaxc-ii he tait ccl, wnchcamo- anabnrmaly ate I with ep- higher and lowr voltageI ~high prlimy cv"urren to be drawn. The re- at wh--h . i i oliu ooeat

suiin ar arn~th cota t; exstremnely emuefCtorily. 2xauiplo a-vaolt vibrar
hot md highly dert-utivo. Several methodo ohou]4 exhibit norma operation when drt-In
exist tar overco-ri.R. this Intial action. Thjze bys a-tvageragn sn3.to&
moist practical o4 WmssI to deosign the lins- volts dC. LSpecific valas rne given in MtL-V-former with guftett inducltanice in the pr-i- 95A tar the ti-volt noam-nl vibrator type-a

mary Circuit am tW usce a b-ffer or timing that rcquiren normaloertd over the ran-en~ii capacit~or to inre- rclia~ble sftartinig. It is 50t Oal1. o21 oed rs-c
also commion practica to utilize an difoid ively
capacitor in the odxarr circuit to provide,
the- piopor tilding tar the@ vibrator. Thle pi'i- Wile,. It if; possible to uf.e ooo vibrator for-wary bler capreitor to Solected to wecst tyo adjotning inil v-oltage rags by use of: ~ ~ ~ O t ining ic renasooti; the capacitor in aq~ropriato re" --or, the' sgirsolthe s-condary c-lrtrut aerves to limle the Iiatep to sit n irtrfrmrf -ibrator circuit- A variety of cir-cuits cur- thR7n two LSu1ch voltAge&. inz-taces have boen
rently useod. w-A ta"vrporating buffer capac.- mrcountere-d where a $ln-sior was used t,-

Oorate poriodically on a" on* of tjin-co d-YApqish~ I ns~ Bo, AD)N-95, 31 O cbr tsrent leP9i vta hI alk cases, operntio,2
I j lS~4 asd rehaidlity "ere unataf-actory.

I 7 . .-



*It-

i*uctta In srtrne cquipweet or to mzcou-

Frqaw rw ThI7 nk"iarply l

It ,gz+ Commercially awailnits uitaers-k will gin

I jf: -W~ aUnlctory performaacr ower a ranged
Th2 uwe eg vibrutars beyaWd thU temperature

rnewll resutU nmbbfa coexproinise

- -~- Vibraora o uvpplled k a variety of tusn
I I arrangementa mad cor -ai5LeL Vibrrter
V ~ ~ lea"s ara broa ma to ~gt1la-do -R

own tipits; WAd an rA-=- Z2 j in tarn,7of
tifl circuit fle~bility k; gzhAod by tar-

rziokts pavirtor aref c~e ratedin he

cd ~ ~ ~ ~ ~ ~~fgrl'P with trahorrnn Ueodr E! .ael-atonu. Al Loutg r--
4 .- ~~xnericnCul ulimo Bhig. ECLQ',hC 4C. catr- ebslil k

Colltrrr~zin aSie na vibat3 n(A a~r.1YCz",t
di~~ in Incraze6 *-c--w *, , c"

p. vbraor cn b expcto to iat KOA th ile Lvu- be ; bore Int ~to Lixl th otM

lom crot at 4 wit nu hna ivla rln'WLny ttoemaL p.rr&jd' i

of ribl rre rnnf an6' niblrq LP un ai f hevh~rtemmr
shul bea ansu. rotwghe Intcrat and teiatahrt-i h fiinyo

elecralo. n, Lre I t epod l hat t A l- fcey psI% t~ate e ii
leat rortsl a Ailalt In pu irtrn at6 ot a, Ar ccstnuld ohe dvie.% L W, It nlg engineer

coannerelally rkaise ~ hbar nIJte. rprcnate irdrsbseal oet
retirees Nr clvsckrd& in, inpu dr-cult andch

Vibrator Frc-wotrc keep Fozdtal that a ii MacSh~ vlleor V,
rolt"to oofcm tom circuitn tiltinc genor imhy
vibrator-a~Rj Ia 115aor LIee h cnge e-d efren

acTeca covetirWcr ist oeriating h frqech- ct rslsi mardzdustastr
aerisl ava~l vi bratolfti rottD raol t ahre-
levero pofsbe Whilet spels requenIes hby it

- ~ ~ ~ ~ ~ ~ vbdn from ased suh eprtrefrm heca-o l~Hwresar hke ~ ici
VIrtrVcw 14 ne~cTzno

~~~~~t 'ov.........- rcrm *rit * -P-cy-r-'-'- g



(A) 2 10-VeAt A-C Oulpat Typo

Voltav curw. -

(vlt otr -5 2r~ula

1-3 10 113 (3

110 23 40

0 is all -b
1113 t-100

Ho11 1~0 123

12 1103 1S 7

26 SID c2~ 1C

327-1/'2 110 c 00S

1S. 12liIo 0 2
1n2010 1"

110 j5
111 12-1/2 110 to1-

28 4 11000I

?. 5 It o 15

12 WI Leo0

1101 0..9 I _ __W_ _

Ito 10004.~h ~ti1Jx 11 U-0i e~~m o 4 b
11) 50It 1 .. 0

- .. ~ .21.'

22 -. ---10'~



A~ ~W-y eqiimew t Operatioi at 8 or 2A YW-t
C., only is covered.

The limitationa in des4gn arid coaU=Umt
24 are 4xtlined and the materialsJ pe *IsgdI

are tabulated. Comnplete test peoceduras UrV
~ .4'7~ [ ] described that cover cdielertric st~enf,4h, start-

~J ~i(~ )ng voltage yivamload oiture rolstaaca,

7 W~aDielectric Streng i. F'or 9- andt 24-vu.-
tye, vibrators must withstarA without damr-

~~2i3e, arcing, or breakdown, pontl al as ohowia
?, 13in Table 1-11. The applied voltage Rhail be ol

Dot be a~plied across the driving coil.

9 10 11 12 -l Ratlivo. The pertinent olectrical

in Table 1-I2.

Seat. Vibrators 02all be Iimmer5c bi a"
13 14 15 16 makiga bath maintained at 80 to 85 C fox a

me~thod of tet may be usdto Armio sail.;-
lactory &oaling, provided the method W prave4kY~ ~ Bto bc ox~ivalent to that vp cIIfed herebA. Cn.'-

/fl a ncik- be takon iwt to mistakfa bvbbloz ezzrx-
170I by imir~.pped air aroimd pins for ibbbleacom-~~~444~~i Lz1~fo~ h aAy vibrator that ahaws

21 22 23 24 to a cncr

-'Iw
I 50

25 26 2)' 28 ,,

mCktpq or A L F-Lq. istk lati x m' x,

Fr,rjCOy M1 7 CPO
YM1ItfTARY SPTMC1YCAMINS

~~W La rjqut curreit at

Thiv specU.ctc Loor 1uerrk. ax rtvcW.&O*
ee!.-retfyig vibrai0n, denigntd W toxt
from a cl-c fwu~rce. for v- In ec,,mocTWc AUui~~ -~~.0 vdc

-,pment. Thin is a gc-nzrRI e~iia
WAm It ,klao providc valitable tInornizti 1-A ~T Z! ciellc

qu~reti of vibratoxx Iim-nk' fox uii3 In iL!A- L -



c~ enco0 leakage -may b3 glvri nemciAl fbsi13Tme'nuoy

1 t~~~~reatment provided evidence in siubmitted 1h,_rAc-1bw.?et
ouch remedial treatmenti. 13daguate. - ' eprtr

4 TompertuMW Ccling. Vtbat"- .:.. ,"v___

j , cycle of Table 1-13 for a total od five cycle -
.9 -performed contlnuomsly. The iAbratora W %R

be he~l at each tsxuroei'ture for gafficie "' "

time to allow all pails to roach tliwrnal. ea- _ ________

billty. Vibratos- ehAil then immeiately be 25
plalced in a suitable tauot circuit odemrgset .

They tahall then be avaluad for zor--n1 ofr wchiuuayenrtdbtepray

uratia, pwer source. The armatuvo winding4 for botth

Moltur Relitane. lbtor ~, ~ the input and -Output Seetjdonn, altugh ohs>'
tesedinaccrdnc utb etod ~h'~ trically indepement, are wound in tho eaio

core idote. The meoe (input or primary) see-
Stan~mieS'f)20. don provides mechanical drive f"tearrm-

Vibration. Vibratere nhall he tooted in szc- stia.T gnTrat votge or isz armature'

cordncewit litlr c~ ~V ~ dting tun-1 pare3 throutgh the magnetic &0el6
and cut the flufim es The leesic rg rm

Bhck. Vihr-atnrs3 seik~ 6e tested in accori_,- ofayn oori onini.i-d
V4ame vithf ?.druthod 202 oX Standiard U4lL-&l'D- o~ otg

In mnany reoeotr, tit peationa of a dyneV motr Ia fimiltar to that fa a mnotor generaor.
The output og a meter geneirator, howei'rr,

BIBLOGRPHYcan bo varied by control & the geanerator
field. The dynemotor ufea a common field

jiBlackbuirn, J. F., 'CmonieHandbook4," ro that the outputA cvnnot -ba controlled in this
4. Vol. 17, Radiation Laboratory Soxies7, Me- maniner. 1tue ratilo off the oulaiput to Inpt

Grav-l1ill Book Co., Inc., New m&r], 19t0. voltagirl of a ly~a otrI fied.L
"Viorator Gidj," P. R. MalloEry Co., Indiar_

acei; id. 197.If constarA Inpd voltsge I ao ppned toa
dynsunotar, the field strength wIllbm rc
tically coniant, a Id ties amature3 wvil rot
at a tpeed so as to geeaea bach' am.( In thz

M Ny-V-'OMETEr'ntor v~nding abutl equal to the3 Input volt-
q< er the III drop. T', ~o ftn* ,Ak
Vi.- tgs to theo input voltagoe an bu reusonaty

TIhe dynamnotor combines -a electric mwtor
and a genorator In one unit, the inptt jxvwr
comiing from 6- to 20-volt batterlos. &-mof---s "

dynLmnotors Iar an - !1uilary a-c eullt 6-
The d-c voltag e outputs ruige from 3.3 volts --

for tube he;aters or fiaments tjo @c!l
hundred volts for Plate cIrcuits. A typical A
dynameloor is show n in Fig. 1-6-. C

OPERtATh4G PRWNClPLDSh 4.

2 The construction tU sucrh Ohat btth tla nra-
t~r and generator sections5 use the same fic! i,

* urtt~n '.4 Whe 0o11 ed Fig& 1-65, 14-C, 1-47,
ad1-6i roxes "11!r :cl-Crrceit 4iacinory," 1~. -6i. Atu-crmtorynn&o

C_ Sknd ac~r.Aw-ini Lkx'k Co. te.,132. wit)~ end coo-ott rernoa'r4



Art ga~ __ atoiip between zf231ad ti- t

Ga--rmtOU9 tend three tygan of field mina. (1)

I~A [ r ina&y motor, the eveloped iorquzn is aWOW f3mctloa of the field "x density and thiDewcr,

4 1-67 zhown the relatlonsifip be. ;eon WNWxu
t4$wzaz - and irmatura currant for tihe three typen of

field wi~nyand Fig, 1-6t shows the &9eed

FIZ. 1-% Lkt4: ar rant at- a MetpIgi amre ct coe~d Atone In dynz tnotors bec~ee

rpnnt by 0im rao oil 0 timu ttv iuito
4 voltagci, theotiput vitego rA tim back omt ptVCtg

ndr~cingo are act;An4 t hr __Voliage isenrfl1 to 1-1/2 pnr-
ofI thf aelpe 03roitege-,Th m

to keinr4  Isp Orito are:

in gay- orat or ALnd n,-qt _g wtDztn h rc omttr inA

tiizo ~ ~ ~ ~ ~ ~ ~ fo enL1m-sg s eeaeyii~e i aaet tho inx inpt muutor. p
b.'n-e ~ ~ ~ ~ ~ ~ ~~~ie-v ctyi~ 1,-5 asfpur d oqxs ~ ~mfemt i t P~oAAllt o~e tha

Wr-rADC toO 4,i
33~mpoi Circnr~ault. RV-Tn ta m Ripl froqscy

{ Cuaston ~at P tyin !mc- fish

ai in izh d~l~-a.pijs P minv ,I &Ie

I Ux

-5-a 4o t~ o odlf

:. VtAgs k tSM jonudjO~r~ >...-- wkm jt 3

Voltae ro~Aati~ o li nrevc Dya-~ ~ ih
UPC~-~

oflo luend uw~t ffl54 U3n p043c-at hp,
it t foc *tcl izpcr an~ ~ ~ ~td ~a 't.~

CX X7 t,, r.t r7 P jr



to]Pq UAWSe t number of iwts in the
o 7~. armimw.

4. UMMtic of the onTpi volt " by the
At commutator. Tiw frequency is rpe

amnes ove hal the nuber of segmcnk3 la the

- M d w to usually mors afficieF
than com~parably rate motor-enarAor set
for tiOe e wo (1) ui the wiamotort havint;;~;~ I onlyi one armature, hao lower mnechanical
looses, (2) it has Sac'oeied1o~an 3
it has supericr commutation due to Coinpez-

A ~Sating cauntermagntic fields Producad by the

For a given output power waling, the dyna-
motor odgt~ s 8 OCenpiet less speCO
(volume) ftha Ito m or genarator counter.-
Paut This Is Passible because the dynamitor
can have amaller airgapa, lower exitation TORCUIE, LB-FT
Currents, and smallair Aeld strcture. i -. ~t iaat~sis

Dynmioftr Umns cam be grouped into ro- yn~opIm7wndgA
~, tating and clectacal cntegories. Rotating.

lowme swo~ made up of ho)aring, brush, and yantrO tncIsloa utoei
air friction ('wAg) losscio. Electrical loaz ~ .~rteipwrouptaashwinFg

siare due to copper losses in Uhe armature aod 1-70. The curve Whin a rapid drop tuef
0Ofield windingg and iron lognes. With the ficiency below 80 wAtj output. This cha"

Z eciTeptioc el field losses, whIch axe constant, acteristic may be attributed to less-than.
all dynnmcor loxsa W5,vease as the arms- OPthnum design panwwstl commoly nes4
Uweo speed Increases, Tis relatioash'V is in the gznallar wtita, and to the fact thri
shWni i FJg. 1-89. (2) winding In"lon occupdee a larpr pu-

centage o2 the copior 4so

BRUBMfM ANDP COLIMMATORS

/ SeverA Wator-at which influence bruA~ op.
O~edcod ,efko eratlon ind Life are ineal spod o& a*e cm.n

i /1 Miutaor, brusha -spring pwcs~r., canal&
e'ty n i brush, brush to peratur., thM

Coefficient of fricton between brush and coit..
muutator, ansi brush and commutaor nkt-

4 terials.

41; FHI~edFor dynamotor operation, 'It 'Arot thre
I, ~Itemas are tnvau ant, A1nc* tbey xotietermlundti Shu~t- $ 1at tim time of nmukr~tu. Hower~r, it shouli

. - be noted that the aetual curreot density *Ill
-~* .~.be aowmewhat higher than the densities cal-

Q culst-d from #Jim WhyuicaI cy'ns" 00C~lon cf the
CosmrPOAAd I Roted I brush. Boemre the brush cross setion uft-

NobocS ______ ally donm 0at fully cantact OWe Coauftt
suarface Aue to play to Wh brumh holdersa

ARMAURE URREr Idistortiou of the tolder supportinoj structure
ARMATURE ~under straza, tw bwtuah faco frequentjy M~x

2-. 47. Aru ur* curent-O"W caracter- a saight longer raditus oi curvature than f
~~ iUtica dl "m~otor prdmA~i wiw4Ina. inating ocainutator. Tie resulta Is a t



Total W3.~ zLDWY I Cfg4XEIW aS O$
1ow voltage tvwush friction

High Volft brudh frictio ___ Tt

loss ib-4 ecaaiae nirac fi1,-32
Ofinge ffcin&--l d aiao a Ahort Perimd e? usa,

ondw~nageP'"abl ft v Important single Luste
0 Cpw los ffectng linach cparatlon and life. VWhen 3

clean now Lvsrhad Commutator c~intc

3rffaceae In 1.2 imate COnta2ct 'rWt cci>
act may bii so Close tat the iAirinss Is- te a ec contact are subject to sakzurt

or weldinZ, canaGd by the sitrong attractiv
fasb te o a cIrince atom&. Since thon
0oce are effective only within a vary rA,=r

Eawg, a bociu] Alm of separation 13 WUsu
allY adeqita to rc~se the effects of thee

Fig. 1-09. losszes vs. opaed rOISttonship Ow orces by vter~ the Surfaces out of In: iv
4 ~1typical dyuamctorr. Oitvo tTh&33.

>2 4the nomina brush contact area. Highs cur-
C,. rent densities cause higher brush oparatig -

temperatures. 'te current flow from tho

j ~the several paths a shown In Mg. 1_7L (02 '
'those paths are (a) the aren of pltcna-
(b) adjacent areas in w~hich there aye free
partficles of carbon, graphite, copper or otherPrncntc
conducting dust, and (c) the olmra gap, $C~i
whic -oa cur-rent will flow in U10 form. -------

of an are Ff"particle Cno
suficlenily Inmao and prolong-ed, will darn. -

the commutator oca e film, and the effecta Arcing zone

brush Wear 2An pOOr overall1 brushi perfora-~

Brash perfornmce cabi also be atfecto-l by
arc -over ou hkgh-voltage brush holders. Ibi f3 Fi. -12SAr.aTkaofbUhc rrU2'V

by brush holders made of arc-tracing Wi3S%-
bens.Sc arcing results In complee b tak-

down of the Insulaton. I wd spos fics~ A x~rm2 ttuoopberic pressure, this lui
enlcbouwiukry film ideally consaatao at

ii 'a {Carbmt Ths exygcn and water ara derivc-4
-'0 - from the atmospheya, the copper oudde and

(Ys - - - carbon fromo OlightM g-eprtr vapor-.
--- -- ---. - ~ Izof of 11w ra, andh commutator muIces,

S _ _ a - ailyl as a result rd arcing at the brueJzY_
Z GC- 0 conwmutator interface, "i p-artly from xne-_W clbmiical friction. The formation of a untie-

5C0 -~---- - facte%; suriace alns on a new commuUtao

it may require a run-in period of from reveret

I'RATED OUTPV 'T,WATTS hmdea rillce pemeralurs, lineal speed
Kilkiencuw,0 06 oftecommutator, brush pressure, and oilir

70. KadAet 7200NiO4 frtpi-lct .O some brush-commutator contg j
.al MOMS If. GwCraAdnit stolw



commuatr IM 0- ma noi w WO ad, IQ fact, --

nWidirg fiLUM my bo dostroyt& W~eu thU c
hapwna, Particles dt copper thrownu off bg

(groboving of the commutator surfa by

'jine parallel lines) gyid the brLMZ~ a~zmfacosta oMf copper picking jo101ps~e

3rut Wea"

I ll thaffactorsinvo'I ved are more or 1,30
I !nterrelts&O Other than the cotn3tatsrltwr2 jc of W "W r6l9oift Ac

hiente yMadthe commutato. in Fig. 1-72. Bruebsr rtc, ii mw

V rush teqnate eatd t o to t reinc boh bwjas

The rate ck3 wer ovf a brueb (foo j thatk- tky omr a,, icj a l A fi3s ata

Nh nie~ulr vatR-inmaw forixso mylnitcng brttohoei in w r to amttjI the~~U brush preszwyre. Yrper brush po~uo 5~t reo f isa a ooik

k" Ia a 1eqtdtt far Wost bvonsh ftgnI w COwetO cm k the 11 fnormedM
-A Ife. IN"] range mv :>'aitblo p-a~oaO cm mvlMvtA! l atganbAV7

for a 9itva nnachbzo JU determipted by w to d-ki bgs rush- Mlo cehmdsat

slforirtaral oycno cC Ov commutator, 2 ff _

~ 1 ~rOUS~tS & to IV, Awoste CO~US ~As0 Thm other aspect of bruh wear, coaefetA
'AU oaa cissig e insi'earcng ~th of frtcton, is dependeri upon thefrmto
resutan daage o te flm est ndu brsh nd riateabon of a suitable commutator r=a.

wear. E~cesdv brush 9raa00u155 prouce aefit o ienbuh i ojliu
WWmsaxy irlctisx looses and 50Vc.20 Wa ttc fim. or ilb a unctbonsh, th s braash.
On bthl the come -lator aad brush, aad mayrcio ilb afmlnr4Wb73
e"Ven ctMM ra.e-chaical Instability of the brush. Wompevrre, as twn in Fig. 1-73. () 1%

At lowvytprewres, lectrical war prdni should be noted that temperatures arm *at

ii acr i~~ loge .Fgure 1-mz2riae We devlopd area fuctiof ci hi

with stay brush type, except for achngo In
the raupi cd ootmum pressures. (3) when 1

'It. a new brush io first Installed, the brutQ X 0.p-30 -

~~ pressure in Intially igh due to maximum
compression of the spring as well as the 0 .2
fact ftat the brush Is not properly seated

~~ until a sultab",e nut-in perli has transpired.

Aq the brush wears the pressure decreaw&. 01 -

Brus werbyon the point of minimum t
pressure (vwen the spring has boon exteidedtoteprasll ii)wl n~aerp

IIIdly. To keep the pressure from falling tao 60 80 g10 0 KO) 4
low, it is usually irecommended that ho

Ibrush be replaced when worn to between 2/3 B$RUSH FACE TEMPERATURE, DEG C
and 3/4 of Ito Original length. Experience Fig. 1 -73. Ewusb wrear rate (coefficleof Metn-
shows tha the positim; and negative brushes tdon) vs. Interface temperature ' r ma eectro-

"4" 1do not always wear at the "wne rate. When graphitic brush. (Nauceul Carbou CP.)



torret density and msollncitl fiete&. vor ~~vi ~fl~ lei~s~i o
iticos bn current daxxalW aw-re t~a ~ ~ At n t~S~ h aeo
owce in the radino o. -5- t .k-- at- .. 'asV

-Ing an .ttn' diw;~Oe~Q Lieersic ZITC.1atine aii

point-cout-act Pone, 7Alts pregreetivoly rast uPoni Ue Mnetatl & ssTMtantof U ti
10f3 tempernatunre In the: frepatc o film; in ciuiflclont qu'anly 'sir tAX destroy

ar nrpes. Measturemet of the assetst-1 the ika m Qozt 4any orgnntVe o pond9 sA-
temnperotures qzcrlbable to both sorcoo ! 2 vent, Or corroelvo vapore vil (JpvFato uponi ~sexy on" pit bn never boom wisrnlsms it the Ua R , kincluding acid Aa-nta, chlorino ond
any auzcesis, except! t otbs h Z~ e Q Otmer baidee, tobacco OWC M' CarontWrL

'1 ~~tjLbrush lemperaturee are note hooogeacun, chloride, paint Lumen, ipdtugxtw nce
or bhoX, and o11 rarer'.

Althm'~h th, ex aac t i nh t 'I 02mce
between the eetflclet v1 9riction Pnid tite rFis efects ow ties aCmaeo Lp tin car-

4) ats ofbruh cmar In r~arevly explhcit, it Ws face film In Iniedlt', sre Sti Sw APn o 4.
1revcenale to anSUnro thant brashi wear wCll A striking 0e=00ipla off ects at Caa-

increnee as tOw friction be on c--nnilntor totrachla'd was 7.o, boerwet" M d col'
awd brush increaoovs.' vigro 'A stws this vent waM V-0d COMse &iciaCO aw9y fM onAI I remlaiowAhlp for an occ grtpit brusih, d-c wmachine. Prior, to tieoesreso i
Vo.t' titl reasonA, any lexttrferoco ith Mha mauod coe9ffIcIent of Fico CA am bw ruts-
comniuttor ip-rlace Mm~ vill Lnlu p shoe commwutator co-wblwnalon vine stA nitty lowy,
wn increase in fth ceaftiolont off frction ant;, but within 6 Wmiute aftor tin: continero o9
thevrefore), the rate cd weasr. Since ti) ceTm- solven~t had bon opensed to thlr the " east-nxutuor sUarface film Iscoposed ad copper2 filent of friction doubled. Ml~cI ante
oxide, carbon, Water vapor, ena origghn, any th) chAUact-erlntle b'en m iror poh Cc?
condii which removew ny on e l eut-see the cont ater Mew ai t rrnseas

it- Th yoliaiiad surffa.eN c9 tint .rWrvdap ai-
o.0 coper an. brane gatsW~d and yfttes

I~ccoupeo pickinzg. This condition ranroined for

1 02 - 1over Ii bourn, althoug~h IL1 carbon toins-
4 chlorlie had been it wso ta? Oly a2 Rau

07 chlorWd ia commonly ue am a greae eX
vent. Ao a note ozf tetcga, manym moor

uing this3 solvent upon or nc-a?r y 'ear-

0. . - * mUtator (o-Ir elp-ring) W.omvUo o

I ~ ~ O 0 - --- -Puff or twio 'tAXl double Omz knsti friction

1% Commumtator surface Mirs may bho effeed-

removed. Ti n cu tNhnttdg
gunr creats hnn'tn k-7 rmowd tvchng

-. -'i- 'r- - wirers hconcentgrtio7n atwte &nd cmi-
in wea1r rate veraus, altitude.3 tA ermnla

0 01 0.2 0.3 0.4 03 0.6 &Jvidence Nhovwn thst tintpas.s el sttero
d~ 0 COEFRCIS~ OF F~lC~g~llvapor and oxygen Ina theo film kcorntin

by 2 lubricating actilon. WIQen a commutates
Fig. 1-74. Brush wear ratei'e. coeticot iii Is operated at high saimrtudee, O the o h

friction for an elc oj~t~i rscnsare nLO longer preasni in sufficient



mA"-

bytea Ieenoad Prfo nlv orkEaIg aflQQcn -0.f ~ 0
tho Wear wate, I

* ~The aend iaft cowe wetalie haido to M*
tebk-ok has been Km to lacroeo brued&n

mlea at a film itho blgy cnta n~ -907

stiixeinRidonethm) An qually nstfctime en

is determined by the alttuad wmo I7ai
weats have Indicated that adding bt-ween
5.5 and 7.O yjeceoix batA m fttuoride winl iO3

in curve B of Fig. 1-75 had 9 iorcent addeiq. %J"'Q

The data ohews hr ig. 1-75hin all tire more JO1 -4o0 il o
ggP A dR snce flhn OffectUveOoeratg legth &TTOTO3 s %

C --unr in 1/4 to 8/8 inch.
<''I' t pig. i-in. 1iiut wear rate Me lus o

A peopooed spacifleation for aslW orflo Q-9 (A) Normial bnvt erA ('1) Rvtudi treatcO tT1
P11cationa requivrs that at BO500 feet no bnri mm fluorldo.l't: CO MImtAtor vpcsd,'
brush ohall f-a bfore 350 heaveG of openali brut rnesmcrrtdety ~!cenah
and that noe average oprating Wie prio? to
bruoh failure, 1f any, of all dynswrotors tQotUA Alt offtents a neenI are reilectcd in
shall be rot Woenne 500 hOie swy.eotis-nT'-Oto Ms Ci aeh'tc

of ineel~atioa 12s t10 V1cinty r_' th&0 nag
ELISOTRXCA P ROBLIMRIG 4hie to f-ho profe-CUe. o! esue. Wleoe oa

A9 fmldtflh", vMl cc tee ar-mire mLv7

If an icoIro n nsconaryj currento a A Cce-ad eflc ol cornem in M-aifoeted
rapid enough and of sfxlicleat 102$stude, M~ ny I, th Propswgt4Lk' a?~ rndinted enryin
diatort the iantcfedaon h raua a broMAI BlratA'?'5 Xnfrjing frvwn 10,090 cpo41high tranglent voltagena way ba produced b3-. 20 OVOi' 1.0 Mve a2t VOIolisgee , i en0 air.

a ~tween adjacent commutator nnt 74ch
ii high enough, will lead to tainhe-ar. Thej 1000 ~~~- ---

normal potentia 61Lfc0eaco b-eiween adjacoat8
woginenta (for a givren output reline-c) Wit)--

inceac asdienumber ofraget iieI

Oinoter c ttor (hvn eof fl;-)commautator decreanee. The3refore, the likoW'4 I
meatsi) Commonly -found In Oninil1 high-spe M,0 ti 700
bonleation of narby Insulation, and will eventis- 50
unite asultainedto flaerwill FYs ax iv-n LA ---
load, fin drover to more likely to ocw. at A

Corona 0 -}-

ionig oetal has b-en rcedor~ M~bti. V(.17. pe.al' nvao t

ponohaving anmall radii of mirvalture. Oace :1 O 3 O 4 O . O 6 O W

'J tiaily belo-w the iwhuatn vait-i, as !hwa n 15 cte Wha~ ~tda.()Crn tr
pig. 1-76. tiRVO. (Mi Corecam CAsis Wyile. iv Cns-ca.



Mtinigh tise anpect of corona has no ettect wighteraf COMin toieofconpovaa01
upmDuff dynipple Itself, the radiated energy Fultaher, because the dyainctor Is a rela-

nilTipenenrby commxiunications equip- tvely heavy compewmt, it to iuadvlnlae to
went shock orvbrtoe olators to slt

-- rthe cqvtpminen from the vibration produced by
A-F ANC, hv rmaure ot~iou; he zlerred practice

is to Isolate thle individual components from
notee generation Wu~ aggravating the chassis propir, and to mount the dynv-

dyamuaotor problem. Sucli nol aIspoduced motor firmly to tk, cbnstn.j . at the bruh . -commutator irtertuce where comn-
Inution produce'i aparks. A rnonnr nasMAt dynlawotoro use bafl bearing Lsmature

i Foise, br-ush bounce, io caused by vi- ouppeits. The&se hearings ar" primarily do-

howie tends to lift the brrwh off the co-m- causo thec dynamnotor gonerd'iy does not have
mutto ur-f ace, the effects becoming more an external mechanical load which mnt
proonced as thD armature speed increass. produ other fn' 'so. Therefore, thez dyna-

Thes-.ctrum cov-red way range up to 200 moto shouldl be mounted so as to have ths
kit, bo-th conducted ad 7,diate& The mains shxaft zaxts as Cloe to horir4ontal at posilit
intonsltr increases ai5 th,? output current Where a xunit wnay be subfrte to external

hew intensities uV to 2500 microvoio vibration or Wcee~la h shaft axis to
h~ebee-n rntau.red. 'The conducted melee heat poottioned pov 1-'ndict 1ar to thesa forces,

.- loe!A In much hlgh r than the radiated level, wo that loagitudt, arilure motion cannot
n-d tends to peak between 5 and 16 M c dintort the end caps (or bolls) which Frapport

*1 ~he ond uted namoe level m ay be reduced th h v. a a d hat e rt g . An cap dio-
-vby s'AiUabie fIltering. The effectst of radiated tortloa may regault in damage to the cesnnu-

leg, increasing the disAnce between dyir-- With atArt-~) Mmcatai
tnir W the equipment troubled, onsurn L32CIIt

etiise ietal-to-mtal beolingoithofr Luno-'A1
temonti stuctreAMd connecfln" amail

mic-a capacitors (0.01 to 0.005 tnt) acroja Dyn-mcrcire 'i -fiequLsPy supplied with
each pair of brushes. oeald bearings mmd may net requIre roltibai-

entice o'uring their lifetime. Mhao- unito thatIA secondary otf'ea at r-- noise may b-, do reoquire periodic !TticatoninMAYuae:greaoa
Y ou-sd within the dyamotor armature. Tho pi xrNd by M-G-3218, Grease; Aircraft
armatur shf nsaenral inltd adlscemt (For lo~w Mnd high tempera-
from thle frameo by a film- d4 lubricant. The ture4. Under thiri spcnidtcatlon, a grean,
armauTne core and shaft viqy build up a SIl, Vi-0 for low tioporxhure u-4e must be
"I ti c ch-arge due to thc hxigh spee&s and c eal f permitting a 20471 Co4rad tp

Athe capacitance that ,nay cxlii between 013 S-bal hearinig t) comenpio oae revoluto
3cr mi ad the Andinpa. Whean this potentia within -5 zsvwnda at -65 F tht not mrore

bzcones high srougdi it """ arc through than 9001 ;flh-cW (NZ torque Appied. Thle Choic,;
the lubricant. This form it R-adiated onerg off 'srzi t for lce:v-ieinperiue use3 can be
m3y b& avoided by using a groounding brush &tOrr ind, to sensei omlant by the type of

euictdbetween frm av1atui to be lubictd Tb- temperaure at
'which tbe armaxtura, will commence rotation

Ncoe Filters. Specificafto for Inductors s tie ambient tem perature is Increased
at capaqcitors forx- itrngaeIcue frow very iow r-jn with a- givan type andj4 ~in &ut-D-24A.grd of !ut.5cant will be lowe3r with units

of larger 51545. The raxsfor thin behavior
Im tha dynainotors -ith high outlput are ire--~~~ MOUNTINGwiha

(lynareotors ar comoniosly mnounted Ante-- capable u-1 producing high etarting torque;,
graily with the equApmrznt for which they whereasz Small untuually have only elhut
are furnishing power by meano of elthar widna
wrap-around strzpe with bolt holen or mou-i
ing tes cast integrally with the frama. Ditph-Temzperature LubricalonI If &i dynawotor is to he munted directly
upon an equpmneuit chasais, it in good practici Tbo cboice) of lclcaa't(§ ThV ue at highto brace the chassis beneath the machidne tempo re autP will bo determined by the maxi.

/to nusrent chassiu distortion due to the high mumt temperature t-o be encounura'. Tide
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choice to fnot simple, since the2 0came IIsbr- linw s duty Is contswmys Mul-load operatio
cant must be suitable 2- low temperature. Intermittent duty cycles vary from mans,-
The problem exdsts of obtaining a lubricait facturer to mantauhrc typica itarmittesi
which will not solidify zt -.65 F, but will also duty cycles miight be 10 seconds on, 30 oec-
be capable o; survivng at temparntures az orodi off, I minte kra, 5 minutes off, or sonw
tdgt as 210 Y or highe-r,&4 an wble will Ww ei m c parable cyd~g a fl-ha& Ma,

K a~not vzporize nor conctmoe upon tM,*o u D-24A speciftes three qype od interwiMt1)
t ntor. Recent dievelopments using synthetic duty: (1) Duty A, 5 mwu tea on end 15 mia-
organic compounds clazsified sas polyalkylene uteo off; (2) Duty N, I miute on Wand 1)
glycois have shown this group of lubricants mirmte, off; :,xd (3) Duty C, 1 minute s

Ato have low pour points witi "No additional and 29 mlnutec off. Where a dynaynoloz bao
advantage that high temperatures do not cause both duty ratings, the IntermittenI duty ratig

*carbonization or eolidification. For this rea- is highor than the continuous duty rvling.
son, they may Prove satisfactoyy at a vehicle
for dry-type lubricants such as molydenum- D ptn.Temnrbywci
diouiphide or colloidal graphite. Another ex- tcti isptdfo yaitrwl
permental process, electrofllming of the bear.- rni cdnca
ings, consists of spraycoating the metal with Cneto oln ' omnyue nsa

a microscol, layer of graphite-metal which lnee appjiiton, AWl in usually accom-
in then baked at high temperatures to pro- p ~ y o ne~i fa m utd o n

duce en Intimate bond between the coating end of tho arsmat=r. Tha efficiency of co-
and he mtalbass Eletrollmlg Isad- vecio cooling is 0,rcty propoxfctaA to

vantageoum, because 1' avoldo tho trouble c i rsueew Aircnvcinoln
periodic lubricatien and the van<)rlzng of- ai pr~jtvl nieta aeel et
fectB of lubricanits.

Miniaturized1 01namotors tend to operatos Rmatica cool~ng is not agleteL by zix
at highor temperatures, putting alitoi dmseutlzd tay li
sti-ain on the cnomen lubricant. A simple e. hifom fIttdi'toneprn

% method for determining thev effiency cd on th"e rtr iftrence botweal the
lubicat n t mnitr he npt crrnt ocwe axrul the boat eiW As thin touiyora-to rian ulade to nonitor teraing curn tur-O differenep dervaveo, the rte od heat

desitred temperatura. Any significant increae ra(llat(Th alw -decreases. The ratoed rad

in current iW usually IniiAtivo of Increced atioa may be oahanc by coating the dyi

TEMERAUREWREaltitsd, and It depm&d upon the ar-ea og
AND IT CYCLXU E- Gl~ contact, temperaIuit diffoence betwen

AND D'1'YCYCLII surce and anh!, and aa-paclty 'A the Sink.
GOod mea-o-mtl e ng bOt"'oco the dyna-

3 ~~~~~~~~The tomporature rie of a dynamnotor in oo rm n h dnmtmspotn
alays opecified for m particular duty cycle c~ eetsin ogo ouutv

and marl mum ambient temperature. Tempfira-
turo rise Is dntormined by the point at which
the rate oN hat generntio.n equala the rate
of heat dlnslpation. Shwoc the rate of heat S-PECIFICA1 O

j 11aorption by the surroundings in determilned
by the temperature difference between thn At the preeent tirm there Is only coe
dynamotor and the surrourn ig atmospherv), coord)-.ntcd mililtary saeclfication for flynp-
temperature rice ratings are aiwayo detned motorip, This ;pecifictioni, IIL.-D-24A, dated
at a specified maximum ambient temperature. 15i August 5.iM65, .1o primrily a EpecIftcatlon
Furthermore, the tc :peratura rise for a dalineitlng military requiremento for: r-1
pa'rticular wilt under a ffiven load will vayinterference, dlolectr-- strength, insulatioc
with the ambient tinparnilure be-caunie the realustn.-a, dynamic baanvce, load, tempera-
temperature coefficient of toe natorjal& utied ture rise, naixum and minimum ambient
givea rioe to resistance changes which affect temyyraturo, vibratiork %bh, low-tenpea-

.f ~the 12R heating. tunhg-llueoperation, moisture resrist-
unce, corvotion andi fum2iz resistance, life,

The rated duty cycles of dynacmotoro are duty cycle, bi _1h lie, ucight and dimen-
either continous or intermittent, though comr sins, ripple, re-gulatien, efficieni-, eLiclo-
units may have both types of rating. Co- tureB, and ovfarvoita~e CknpnQ.
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TublI- 114-Dynawotor Nomewlatm UsW b 'The Secificat,- i incorporaites *,t:-in
MiltAry Spcfiae pwrmeters for certi.n Eipecific types odytpV4-

motors. (Refer to Tablesg 1-14 and 1-15.'
."A_____ 8"Al bo icrA-15 lists tl-e pertinent ct~l~i

DW3 nynanotor uInsa14 fa ai tfrAIO vritpeprocurable to A1L-D-
gond ectok:s 24A. They are not intended for U20~ aborvc
carrier- 10,000 feet alitude. It Should beo tl a

thos types are only representative, =d~ tWv
DY AN ~enhtre xzwtwAxr dynamotor w1xici conforms to ths over-.

Dyamto antaudi gon requirements ogl the speciftatlon ViHl

Thera are =mi~bar of A912 a-rviCe

Gen"UWH ~ gpotifcatins wichmay beusd for eqyn2
Rsdtroor procurement This group is tabualated
Comnwilatina R~civ~g ~in Table 1-16. Dnamctorm covered by thev*

T~ImUI1OI) ccflcatons were doatned prim~arily to
_______ _______________ba used wiitb Prtictd~requlyomUL

T'able I5-~x otor MAiJL-D.-A, P-acirca Prort~ea

-~ I { IPPYfrin$ dea1p~Uon (VC (aYq,)

DM3"14 1&.1 MU OM1S 2.4 17 Z htA

-~ IIDM 41G 28 1.4 M2 0.06 2.27 .7 j 45 CC40L

DY.102/VR-Ce 28 0 $23 f .25 24r m.t A

DU-4Q~ 14 3.4 :72 j0.133 1.0 Is 4S Cod.L

DM-CP 20 172 0.13 2.0 15 45

I AV2- 14 48.4 51Z Q-
410074 0. U-1 1.0 12 0 Cec~

I)a I"M. 0-22V

EYD//C 711 .4 0.215

9 vac 0.020

.~IDM-45" 29 1.3 S 0.00 2.0 is 42 Coat

d3-7 ' 40.0 100 0.251 3.0 12 60 LZ.

28 350

D -65/VRC..22 X 0.175 ,. 4 ot
DYXS/ 2 3.0 1k .i3 19 55(0 ~

DY-134/GRC-OX 2.3 3.3 SW I 0.1m0 30 1 ,-~ CML
If*jii ,?~. for no tij

t Instuld ta a mob&ie growki clcraI &WCrr'W



-Ibl 1O1B-rqiamc. oft ci -D-24A, 'iI :i 21 'M~ct~za Proerties

designation ( erghWidth e1b

-j 4. M V 12.7) 0
N

23003 5503 7J9 3.05.13S

72a- 9.7 7,4'D S

f <A3 14 5m (C 8 t .75S.

019-4 z-3 5.9 5*75 5,-

'5, kil 7W.40 CptNA~j 3 . 0 .

NA 7.2 7.9 4.70 345-

Protect'

DY..97/GRC-9 6I 1 NA KNO 0,.9 10 7A 4, M 4

W 1 3.S 4.7;I flt~7ilN

4 4 L
NActv forl~ ;i,- 11.ea.25 8J

A to (5Ycussions"Ier pC' I - "9 (Pl
Cd3 vart- 0.0i 7.3~ AAco e t n ;L ~ w a~ o fi i'

(1 WDY-13-4/GRC-ato hei vX

tinctaled In obile nxmd e :tron~z t.j harsr comrnn ; ~vstrtuettswinciiaimo &I-

111 7idcbacy (1t parcet buonto theea-e anali

llueuz' jv 0 th !, MfH* ;vry (tWUc-It dlr.-dvantago. Tho muggmAtvx
typoo: Pz.rnawnI mz Iagnt, 0'&twudvA > aetydeigzie r their fie"~

13Q.



9; a~e ~l&-l~ysn'-'nrMilitary Spcifca owe __

3 Dec 10311 - 2 105

A.O92AL~ 13 Apr. 11153

U86I1 Apr. 1953 -.5 C 15 DY-104U :-
9321(URAVF Dc 1:031 1 - -8 fc.15 DYQ2U/R-

1I Mar. 1054 1 -'SJa 15 DY8/RN1L
803 924(UqAfl 10 in. 195.1 D--/R-0

13258(Slg ~ 3 AprFe. 1954 -Y-4

J '1 4 fl)M-~~~~34, 5 3,43, 4;81-7 D-5VRC/VC 1JV
~~1I2 Apr 195-CRC 102VR 13/, M/B

P22IUAr 9Mr 4VY-76I _

jmay Ne diatortod by hiA tranfient loads. vmd two outputs, or one input anti three
thiese loads may '12duce hk Nh secondary cur- o-Ats- Multiple input windings (one- to a
rents whew res'lant magnetic field can com-mutator-) are usualdly ratod for- e-Iferenth ermanently 4istort the molecular niln-emont inpuit voltages, zo thant a unit with ipdt
of tho field magneL Vh magnets may be windn "s for iS and 12 volts may operate
pora ne otly damAged, fy expoenre to high from either 6 veils3, 12 volta, or, if e~ultzbly'1temperaitures or' tthe ma butlc field mary L,. connectezi, from 16 volts. Multiple output

S disortedor wekee wipaed too near q Ldg ma betetd In the same manr.
steel chasi er blshdnod. It As important, however, to obse rve tb-s

prolper polarities wo that windinja are nct
Unitz with. por cub- _ up to 203 vwatts inadvertently connected In oppositiont, arti5commonly ozne a hunt-wovnd field, wileo that the. voltage r-ating of the insunlation is

4 machines tht rxlingis nbhie 200 watts fre- not exce-eded. &iice the generatd, vol tageIquently hvive cnpoand field windings. Cons prior to iectification by commutation Is &-c,pon il ieig r rferdwee anumber ol dynamotor manufacturers have
(1) the ditty cy/cle IsIt14 tet (2) low- rubotitzted slip ringa in place of the cosmwu-t t'temperatue opura.tloc I, expected, anQd (3) tutor, and4 thereby provide an auxilary a-c5to reduce ata~rng cu-rents. AplIcatIons in- outfalL
vo)ivng intormllenI duy cycles-. usuly rewivlra
tha1t the armaturje 4com Up to sped 'With Pmrer Itt-ngs
mrnimum delay; typical fortvonet te'illi-
tary equipmen3At eatfe that tin dyna~motovr muit Most m-anufacturerg produce line- of dipta-

Udevelop at -earl '15 per1- ot of rateld outpuit motors ith outputs raning from t0 watto
V Iwithin 250 mtliseccwd. 'Tth high starting intermittent up to 500 watts continuous. Within

torque oif copun-wun ntsj permits this a given frame eize, it is usually poooible to
mid, In addlion., 3o provides more torque obtai n almost any combination al input and
ior lo-tempo7 rzsturo aarti ".,in order to output volta, proiddteoalo rinIovercome tiz dr-ag of lercmswhich are voved does net reed the capacity ot thej

A-v -- oun ;4t low temperaturev. The lower sitart- frm ie.lhr ui a Lllil
4tag currents IV',etl zon in c-roud pw r otput, the total 1* determined by
Iwound uitg zre favorable for Increased life adding the indivituzA cnuiputs. Generally sahi-

o tint bruse n eato relays. U3nlike lug, a cmpaxrison of two units having the
compoxuid-rwounA motors, the rieries winiding naine tootal power output 'will show that the
is not ct ot by a centrINugl1 switch when mil with multiple outputB tond.9 to hav a

Ithe luni has come0 V~ Wo resed. alightly higher overall efficiency due, to die-
tibute currntv Wn then multiple windlagu.

Armatur WinganandCosmu tore, DynP-
meteLrs are. av:alawo wit tingI e nox multiple Voltage ltiknp

iii iput3 or oututs, or both. For practical
-6i lim-ittations, the maaimmn mbecr of conmu- Commerciall1y available uinits ar-acommoaly

4tators is hatsz, and a pcal uyr nit mnay pro- designed to operate from 6-.c ourcee osupply-

70LA.*it -~-



volts. 5Sictoc ot ommsrnt'r app' Ml" 11M r--IPUT A-MPS
>1mobile, the Ca',r o ")MM, I units PERCEN\T EFF *E";Y

are iound foir 6, 111, . 24 voltS3, wi-' dynn- ,~1-OUTPUT VOLTS
matlorf3 proVued tk MIL-D-W v or d pre A.
to cvyperato from 7-, - or 2 -el nc '-cc s. n ptvlt
Fox bzt! opera ticn, the Jnpnt -ta-go ut Votat--

ho -,bheld to wli_:dnlO.-rcent. , he U4ed7

', ivoltage, since voltage excursions . yord thda oc0
rino illreuce the ahr-"dy low, fidcy~ 0w E(WcDnc

fi ~ esi willohorten lie cis itt-cr em- {.-

0 Cilpcut voltag-o obtdn&.' i nge frem a 1"
vol0to rough 1000 mlcMso00 ~ at c

4provtr. eitpkt voltagea greatel- a I . torAt

voltag, (stpu o rti5) dyivsmnotorn wre
available t"--' wiji alsou porfori 0tep)-dowi-3 40

'jIfunt In thin group n 'lht ooerlte fr' ms % 12 WOADMA
volt source to provide, ..Svolta or ut heaters ~ IT.~-Io.r~4cts--frtco

fjand 200 volts (or me® . for pile at d omm , &c dyuaio- D.

~1 3 Reculat
~ j 3 rolilng efficiency are sins axs rneb

Voltage, vcgki. onA -n most dYnanuiox 40 to pe.Hih ope Ul prdszal es
I rthcer poor., rib -ypic" regulation charc'c- in lowor Overall oti" mncv due to lnvnbasod

toristc avera v to 20 percent. Thaers inecihanical lose , n "w ig FiS 1-240.
%' ~ iguertcCr'be comyloedy unacceoptablo for Thq otd clenicy V'rzz fip 'od bymo cyr

any other. Lyre 01f pe-er Supply 2nrd, OxCept otixor inanufacturor3 were c 6'trlved;Andorct

for th ztci th.A Most ni'~ocommulIcatIons mmcniioswdteu will lilA Ter-
equlpuin ts at'not t&pctll snstivz to alloy efficn--cy o1,Fxvw-Le

vlaeflLctuatInca i totl magnhtuda, dyna- tepbihditra{ mo~Tutors would find itti M AlC.t~ COMn-I ~ ~~patlson of diffetk !It uratte .Oeemq to Indicate Weight, .jx4dDlnnxru

higher ratled armiature -rpec-dz. The. correietlcn b-etween thej x-AsVe and

vol .t f - , 6iactor eits .. 9alted c...pactyjfRipple 1-3 q!At- sloecD, tut lbyicFA :nlti. ropdrlrng

a" S-')ror ,.:'-teiy lico ima per wall~cipd
Tile toal, rippA coIl-Ant i the dynmOT cC"Lm-1nv1s duty, at z. t-eight ofAtt.- OX,0

4I~~ ~J output will average about o I- 1/ 2 po rce.eti, pon .rwt .. rdnontr'uncylta-
;edependng u~ponteaxl. That p' -en o01 thei doti.aihoh r units are Ocls roel-

I? total tipple due to ctx mtutar inedulzflon tmnKtr. :an I: .igth& ranjja from 5 rchs>
will increanem ag tho curzents through thec up to 13 'ochesg, hue1 widthsl.i tclgt
com-smutator inc-reasc. Filters may be2 InsetW4 (ex clusiOve of saon' '117 ,iotted Lttols) xeagsw,

in Inimt "n output d-retultx to redutce the I-ore4 2 to 7 ; Sho's

rnngrdttaio dc ripple ay hayrmnIcamolsr

~~~ I ~~~!fticiency Daicce r.J.bewt orcis

lioferenco to Fig. i-7O shows tha t yia- cut types; of -inch irt c nlunAc.-frootdua-

mu )r efficiency ins a function og the rottd proof, totally- code~ '?d -Wd om n -ric A.Ioutput. The e:fficiency of unitc riWl highe:r The explosIon pn, Tf ca-c in d 6signtd to '-
rIl'mhn t hose suown In g 1-70, rea. chtg vent sparkz AL thle ' ivutitor-o from ig-nil n.9~ axaimunm of 71) to 75 penrc -t, while woof the explosive Am, %~ lee. If ! ri yainote'-

.3 . unite wIth10- to 4)0-watt output a-Yetago is operated in -nmaosie dusty atmotl-
40 pc-cutt. For an i -iuit efficiency pheri4, dusiprool eurlocrarc'.: to

KY Idrops rapidly aa the LoA iB rc-duced bllowr protect the conimutator ux; ,arinrc, fr-can

60 perrcnt of the rated lgure Figure 1-7 emstee-ve wear. The tv Ai-, enci -,ed &ysatrvo-

shos heefficiency1 ch~atrals a to vdcsignod fo- u-, - here attarrenhearle4yia yroo.Tepiayicl- o- ciltom2ecri, v
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0Me pnfleted enceouren gisy be used whom~ BTWVIRONMENTAL CONRiDRA~T O
tM opratig environmentt presents no tw.1 -

!35ua1 tsazL7.. Temperature

lrthe n~mm ambient t" urndtt t~vpt*
ld by MIL-D-24A rangesq frOM 15 C to -85 Cv,

bInye bnahes for step.-up oeration garr- 'n't moet wilts operable up to 55 C 21Me
ailly muz hinde more cuarrent than t-he outpul lord. Cciitorm-mce to the maximusm gqp Ccfd
brusher, wUWs the rtvewic Is true for step- ambient temperature in u-czesry to pxraal
down operatiog . To oqulizn, the wear rates the tota intenlal temperature (araWca± plus
of the input and output brushes, larger brtshe rica) from exceeding the limit stby tLW

addifferefd material; are used to cq'±edlzc ;lWdivg inoulati'xi and teau~it~
the currmrl deinsitie. TeMts have confirred components. Possible eti-octs ad tperaIVoa

tha inu auh Lifg i & greater with continm'eif bzodLt Cce tWitra e~

o p -&lln opr at in.nitn duhe coorco in ML-D-24 abote dependet urwon taXVA

.7 gh artngcur~nn arenol apl lug tut thning prxw Ings th *® La
the Wa rtcto 4C44 eeaiz

4 are~lo cesetrorted '- vii rmre b chat? uetee- Usta n ,.nU~te rF~tA*}evdil

(ni~tA oma-tatrsn cl- t3akefft drive gear etw rn f 6 ,t~ oeA ~l
andak-n th lke Mhls4A feaur isvz~r periefirl de-A~

for lpt' are aut Wad pe im sncen the rmAs- trw urc-tvBgofy WDoalgcl
idyf-17,art loe otri .bmP thog hunlty inny Mare t-gchli --I cb-t

xrcaorlo orle.- thMneltlorrsetae t

?at ~ ~ ~ ~ ~ ~ ~lec 1L74oo edrrc ,--intrLe Mi--Mh AtlfUSI.A

'Iy ,bt wo s -l r,,to Wvts 'o aarl Cclcrcc

lhalatrw LbsA r.nr.Mayynmtr IU P
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Ku;.j Fo' Fac ktsn

skii

Fi-17-Ctaa'fmniuriv -omw' A fn -ytcmMW

diVtyt ts rad-r n ozWm .frRK7,qP~ ~~A -~tM~

Wlxo t' a nt'Iihotu vl~e, xyl n ffcec,;oyb b
exroliv wosuei h i a n= wdvut o-pe nt;- n eg

flfotio 4cn Qtootpu o~iao, '"UtC~A4

faue. Idf a nt ha, high~lv toutp ra v olta, rilead atnuefcny 'o-

irO3 fa has~ oracg a the utptLd coetto3r a biot crtic al). i r&wgwtn

f .tve i toalyiamtr enclosed unotets.

pars C £ y;'metr, tambud)W%45C41S 4. Do o permilt hvahea ta rear boyerai
cewlu. rtretmmmiiithe minimump aFPifeehd ler<,tb' , =As roplaccI~~~~w tte-msi~

SgL- AM DU bruch pAirm whin eltW, ibrutb has ~r

Tho offects of gund upon any high sEewd
-nivclsion machie ar wail btaown. There. is, 5. Avoild commuWaor poIaoning " z a elt
however, wne taport -v i ntt thera ol exposure to carbon tetrtichlorldo, tob.4cco
x-hould note: dynarmotore w~th high voltage adother aanoZ~, wnd the- fumeus cd i~d
outputs muay exhibit a tendenCy, unocor sews. lurca , 'dtu atd odker hyirocarbons..

cniisto collect 61 ' at the high voltagv
termin"l. A subsAtantial axcimlaoz 6114 Avid axial thruasts.jtrindt in arcing4 abti thosa Pctet.

ilbock and Acceleration 7. Do oat overlubricia, axd- at-hid Izzlig~a
_______ -- lbricant tha t raay VAPOrist!10 t taMpo-

Thqr* areo no annedk am-I azcieriatlol ph.- WMus. (&Se No. 5 1above.)( Inomena pceculiar to dynain-otorr othior than
tiovc reoaly memdond uxdr"Moutit. 1t rmacuti coatir%*gs eod al-ways has

uwed: dull black paint is uscful In lctan

The d!evelopmn-t c a91por-3 c-lr '-ide a

warmn mottn conidithoas oni or withini a dynlA- 9.Avoid uaing items each -5 wa;x-co-tce
funct~torn duehi toaaco Intrfeenc wih te mvin

to~cor enclosure reay restlt in ceetulal mat- caait ii th yamacio r e sni wut.Thv wrnzmy nYei at high imeaue n
- prt. Otertha miledinorolmnna-lfgl~gi Intirfero With the. propevr operatiloc of the

I, Inurents, tiere s 1W knw aai- i barigs Sand conunuIsiora.

TRiD AM)N DIV3LWPMSNNT9

P PRACTIMCAL SUGGilSTION.94,.DaYLlop-mcnts n MteZcz ot milrarslt-Rao

1. For intermaittent or law-temperature CV- have, be-,n exiendeil to d-c vowir amilvs.
er.tio, acomoun-wondficld is prefkrrcd. DynrAzucors h-aves been 2nd a" 1being, do-

Thermal protection should ba prard&d veto-pod for Qrticu12-r applcices (snob as



- guded !isOva) w&vE requirement way be) thero 1z, loss tendency to t-hrorv off a cC~ifrlU-jI aummee. up as follows tator oegment at. very high armatuire apet'St
8 o 2 vts doFor eample, if the armahire spevd of, saylnpt4:6 1.Z voluadc f0000 rpn lis, added to ca-a rotatlaa of 10,&.5aO)LttL IM0 to u Volts elf at 1 rpm (in the 2a=e direction) dr-- c.iclreto 33 ina (2t5 ts7 total Bpeed of the armatum- ta 19,000) rpm.m~~t4) ~~At M5i spzed, Zoldcnnao asS

axe:length of 4 l~Noho%; diam- ile~to W. ti-n CZmef
star up to 1-1:2 incit

-5 I .o~bumzv mc prn Curveso Ft0 ri-1T fi1n-
vibrution: ofparable during Peelem- dyn=uuctora. Ainiceo V permanent magnot fields

ations of 10,000 g n4l ar rlctied in thi typ el dynuncxor ie
tcare Is nng t IArs tWe effideuszy.

Flgure 1-78 obowe n urctotypo mllMrs FR iNR
Unit. Gene~ray imnipturized dynaioos
face-typo commva xoro IAnd brum_,a Dte uEAd 1.Ieid Charles 0., "Direct- "irrijt Lia*
to reduce the razjo disameter and to w!nImi U chinery" McGrAV-Hill Book Co., kLp,, Neav

thoswe shaiwa in Fig. 1-78 (it place of the Progrxsss Report," March 18 to August ~O

Hmdntr4~t nnth Fpr ntcomt or I that p Brushes, byau-ctr- tper o o dcqwt , M o ~lctrwatntaj Copa-fChepWYU
e --d & lh -vn s Iith r d a nt .1I --a G a hu, a d I W G ahtfl-n ,A , h x n e o -, u a o a t ts of, ~ t o a a b z C , o ,y r "
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OuPUI, (:URRENT, MAVI.171T4-nomAgcr , damn.tjidc~iwo
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TRNISOIZD2WE1 SUPLIS OpertingcFr Wbi le *larger pro-
pofio ofransistorized power supplies cur-
rently being manufactured utilizeoprtn

Aithoegh traneistors are being appjded t9o frequencies between 400 and 1200 ecp, tWe
the outpixl of a conventional tube or diry-diak range of frequencies actually being uwed or
rectifier~ aa a means of regulation, in this tesited extends from 20 tW 20,000 cpa The
book tranistortred power supplier- &v taken operating frequency in deteroxined priuarfly
to me"n the uoe of transistors za a switch, by transformer design and fIlter requilre-

thenrecifid t funis diectcurentat hih afrequency as poasile. From the efo-

j experienced in operating, units 2t frequm~ies

will eventually supplant this vibrator in this and filter become awkwardly large.
unction and that power aupplies using tran-jsigtora as primary components wiU lace A large. part ol present-day LnveDzlgaton of

the ynaiato an iowr ~uperabonal frequency limits is concerredwitb

Tranintrizd pweroupil n, ompred the transformer of saturable reactog cores,
7 ~~~~~~~to vibrator or dynaniotor supplies, bave thpofclyintrso lonneil nconiguatin.A cup-shaped core to Wein-

advantages o!no moving parts, light weigt, tetdfrefcec a&e1 c xet

small~~~~~~~ rlegrae efceny one are being carried out uing coreonwmuid
relative Iimunity to ghocic and vibration, and wthpcilloyteso nln arasa

supplies they have the addlitionl vdvantage

4 tranalstor ig limited In the povierIt can hnwile, T11~ growing feasibility af opera at

Ccnder-able research to unaer U)~ ao x-
* \efd the working- temperature rne ad

abiitis f tanistrsandto Power-llandlingjCapabILtiq. 71 he avr
power-3banding a-ibyso t-n01eman o 1'Clng laailes of tho tanxstorizjed
develop imp roved traneformex-a for use in

trsnsiiorlle sytez Wh power supply at present are limited. Tlzrv-

115 o ery to be very dvflolti-rtbu Ul fore,.most currently manufactured powr sqp-
characteristics of wich supply aytLs, e. pisul1i~pwr rnl~~' alI

folo 'incomet ~power ranges below agorox-imately 20 wattz.
of Decelior 127. ~ ~ A few devices exist in which outputs zntn

up to 1000 w-atts, and tlightly highar, aro
priovided. Extending the power-haniiing, espa-

OPFMiTING CHARACTERISTICS bilies of tho unit It;oessentially tho InobeMn
of increasing the current-carrying capacity

Efficiency. Efflcienclen of 60 to 60prei of tho transistor element itaelf by intreaannj
arv farly easy to obtain, In pract.1ce, DO the allovrAble powlar dielipation of tha fazticm
percent e-fficiency can be mecured I' 'ilb or by reducing lasses in the translstor. 'he
regulation is not needed. The prime cantrvl- power-handling capabilities ol some rcps-

ling factor In tho design. of the trnformoer. &Taie c-8 oeri suppis aroewnntoi

Operating frequency li also a vital parwater. Tae -8 ogtrwihdtrlen t

Peglaton.Conventional reguilaticee toch- sz~adwihs
ni4qies Miay v ur4ed with one signiflcant vai-
alien: the standard fimctien.el o altuge ;a slupplyylaV RequirentMIt P'or uw- IQa
current regulators; should be performed byy dc-tdconerte'rs, power transioiora arv
transistors If high overall efficiency and dveigned and manufacturdtinaclo r~

// optimal raliaturizlc is to bo. a-chieved. input voltages of 1.5, 3.0, 6.0, 12.0, 2, 6s3
Transioi-d power aupplies 2_r- ccmnwer- volts dc. This range covers tho 24-voll twl-
diaily avala ble that provide MAtAbi output wary sources carried In xilitary voldles,
voltage ider econditions of varying load cur- eve-n Including voltages encounntered kfurt~n
renft and inpt sour -e voltage. pa ch2arging lnLerva~la. The transisdors su
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Table 1-18-COprtirg Cbaracteristles. Wolgh1a, and Dinsmfois oi Reprmt5i5U Commai9J
Trxna~fOsvvd Powor Supplies

Input Output Outpu sinut1(Ma(Vj (wats
lo I 3-/ /

2 1250 54 5 2-1/2 u2-1/2zf x I-/

28 120 0 25 2-725 3a G 12

1 28 150 500 75 3 x3 26 2
(28 250 "00 75 S3 % 2

21500 150 7$ 22r 2

28 250 400 1003 S3 x 9
12WO21 00 . x5 3 x 6 I

178 1200 804 to100 SN
28 2100 60 125 S12~3i2~
?8 500 zoo 150 3 x 3 a 2
28 500 1I0 200 aS2
28 SoM -03S1
2 A 5W0 1000 500 8 0 x U

be capablo o.1 vilhtod-W tWice the nfim1_aa~y and fully polted for oar-es 2
rated d-c irput voltage. iorxnanco fig-ures in twol xCetloUM It =3a zw

&aen thA encapsulating in tMa Wing cam-
PHYSICAL CHM1ACTEIU2TS pound contribaleri greatly to Mhe mg-gebikazza ed

the over~l po-uor fitpply, enzb~iV it to rit-
nza 11W PhY3ical size C4 a trnsighrl N1

ipower oupply is appreciably smaller thani tb2at aevere cnvironmsentz by olirninnicing r*11;i1Y
of a vibrator por;;ar ouuply. Op "R qt io b-vWCeOn -opgi to stsad ZIlng

hir froquenciev. proihev even gnp-0-- out humid aind corrosive ata~atr
rcu -tions in cize~. At hIfther lfreqwmnleo,
emaller and feweor filtigcepn1 wl A realistic view 7 tha envlrm~ lcne

brequired. It is also anticipated that tran5- bilition pseacad by uowo ol th uFnFua-
fomrcoro mass cz1 b i~ ntlally re- ficturcd unltn may be had by noting the par-

duced at Igr operating frcqu4encies,. At omac figures exMi~tad w",_ totd to

aize have achieved a voe mo-to-power outpni
ratio as low as 113 cublc huwh per wwit Rlep- Shock. Transistorized paoer , Vlc- de.-
xr-1gntativo imienzioo for cpljc prog&-o rltx- ppicdinae g~4e
varlous power LxutrAt levela a-re given In to Yeith:3tand a alhock test cailllag feor 18 Imp"-c
Table 1-18. ahc of 15 g, each thock im~p1a bvna

time duration of I1I millineconDU. Tho zaaxi-
Wet1,ht. The ro-lume and &crnL*ty of the tnin- mumn hock Is to bo rcac ed in a~rotxlma1ejy

Aitor is- extremoly lowi; theo welght o& a-11 ao- 5-1/2 ratlllsecoxids, nm the &Lhocks tr, to be
jCi.ted Com,on1 l:AS1 ViMtlXly IOW(trang- appliedin toflloing dirocticrinc:

production has already achieved a wight-to-

power r-atio of 1/10 ounce per watt in certain 2. 1 n.rallel to the wanlcr harr~iontl ia
unts threeL shocka in each diretioia.

ENVDIONMENTAL QUALIWICATIhYNS S. Parallol to thie muinor hrizertai W~s,
three ahock5 in each directica.

lfnvire-nmental taost data iaestrenelysxcarcip

liqtid jotate of current design, Trajinltorlrzed to Auictio7; normally during &nd xiter xxch a

jpcoer gupplies I-ave txen hermetically aoalod to P'



... J1Vibration. Units are requrd . undergo during odichn. and (2) tbff requirs a v
vibrationi of 10to 55 cpsata arDplitue d verse pw t d tem off t Umperst-

plane. lnufactured naitoriz-ed power &up-
plies melet this test and operat uorMally The trans#stors operate fa a~ jpsh-pail
during and altes ± oncillatory circidt with the trnnsarnor or

reactor windhia arranged to yrovide poeitlv,
Acceleration. Units 2--e ioteona ces- feedback from~ the collector di each tranalthx-

trifuge and brought up to rotaticmal speed to its emnitter. The operatiom 01 the cireWit
until a specified rzdaccethmlatal ne&d shownx in Fir- 1-80 can be described rs
Speed, and hence acceleration, arm then sta- follerws& Aagmme that transiawo A starta to

?bilized for a period of not less thzm 1 minute. conduct and develops a voitate acroas tho
Units currently available exhibit nomechanical primary windirg. The polarity Is aranged pm

falr rMalfunctir'a~ when testedl bUtizrmn- that thm voltze Inducd in the fc-a ck wind-
ner at 50 g acceieratioa for intervals up to In il drive the emitter we wo pvaitive. Thig
2 seccnda, increases the emitter drive, Wideh iurthor

Increases the collector currerL If the circuit
Teperature. Equipmernt Is required to comonenta are appropriattsiy selected, the,

function under a range of tewyerftures ez- colctrwllrpdly ~1o;adavla
are ow aallah~ hat xcee tkc rage a apeatr Wilro 4 t !eOttote fAfi oa ~thetr

tendLor from -54 to 71 C. Comuuerclial units approximately equal to the vupp~y voltage ylll

bothi exinames. former primmr-y winding. ince thg wil-dings
are OW of phase, Ithe oppoeito collector is

Ailxd. qiprient Is raquired to ftnction driveisn&Z-,Jvr to twice the iruM4 vvltagiv.
at pressures ranging from 30 do-im to 1.32
inches of mercury, appromxndtlg an altitude
diff erential from ava leveql to 70,W-~0 feet. Tha ntl odto, rndtrAketsul
pressure may remain constant or rniay change ufceoci o crett qa h
at a rate as high as 0.5 inch of naercury pnr fice odcret elce te ur-
ocond. Again, commercial tadto as noew n h tanore ~i~gcretAs loing a" We core le, %m-ried, the3 en-equal to the test with awide Miargin of re- cinguretrurmntwn ovey1r

A, pro-Ad-td the rvmaiuitor can rupplv the

In flidtv. Equipment Is requiried to opera'te

midity, exhibiting no effect on tho toblt o th egnotic flux (4~) increaseis according toth r-
oration. Commercially maricted units are

come s aturiled culn~ t awding curreni

.4 THElORY OF OPERATION

T1he following desc-ihto o-not al-A

Itorize-d power supply is typicaL (1) I V

I ~This tfanslstorired nover MuPlAY conaI's Miz
asoeitlally of a sak rablo reactoar with the.
requilEie number of windtnt-s end the power +L R
trauiltors- Operation dependsd. on a oitchingL
actioa accomplisihed by the rpo-r lransis~tors £

wb<-n triggere by sign.als from~ n feedb.ack
winding of the reactor. _______

TMe transistors function in a manner slmi--___ ___

1Par to the contacts of a vibrator Wn tha~ whorn
one is opca the other io closed. In practice,
thesea traiixistors differ o. ri trn switcheai ~ ~

or sitchcontctsin ie folowng re~ece: r : A ansd I3 trisitors; V., em!tfer ','oltale;
(1) thoy liave intermediate conductar.ce lcyel~ , oicvr~htg;I. ir~;I
be twuton full "'on" and full 'hoff," which ac- c o1irctor currrnt; Kot, ! e~v oathe; it, lo-,
countij for some rather high dls~~picLo laels curr-a; L~ loa aV 7T
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requirement to rise sharply. At some point
the transistor becomes incapable ol supplyiag
this extra current and the v~t~'across thev
primary starts to decrease. Thi decrease '
results in decreaoed emitter drive, which q7

further redues the collector cmrt. T!lmw
transistor *A shuts off, turning transistor 8
on at the same time. The neid half cycle to
idtntical, except that transistor B condictv.
During this half cycle, the core flux is driven~
to oaturation of the opposite poarty.A

A grounded base circuit io oiown in Fi&
1-80, but design approaches are not restricted
to this circuit configuration. Grounded emitter
and grotne collector arrangements moe
equally usable and appear as ilustrated In lit

The significant interval In thie overall cyTc_____
of operatioa io tha in which the actual switch-
tIng occuro. During thiD intzrval the trasistor
enters and leaves a region of high disslpatloa. _____ L
11t in Important to maintain low-transistor -
dissipation, which means that the collector of
the conducting traneistor must remain bot-
tond as nearly as possible for the full hWl FU. 1 -8I. CcdUlxtor circuit configurationa. (A)
cycle Grtid e edr c 1rctilt- (B) Gmwondc-d col ectOr

ciro-wid e-

Voltage Rlegulatimi
jLicipated rrute di change of giun~~ voltA$,o off

A numbeQr of considerations apply to any ~ ~ ~ h,~ntpsii.t~ar~
olaga or current regulator regardless of Shud t ,501p-

the method by which thea regulation is oh- sieilr ortspuoe.T. eur-
talred. As a matter of background, tho major icn lozplat itr sd.o h

requremntsof an ideal regulator aR s& i~rei~ ~~ i~~e
down by Stm~h are listed below. (1)

o lmit ofitsopr~tng wq~, . Thw regulaor se&Q be small, Ilt-
1, Within theliisoitoprin weightA, and a4 x,)4ged us ltk olJher ,owvertay

the regulato7 phould maintain the output volt- cxpnns
age constat L-lopendent of variatlons of sup-
hAy voltage or load current.. 9. Th rsegaltor shoul be iftale agaalaeg

2. The rrguator should consume a negli- drtsdei xrtu aiohrci'e.
gible amiount of pover from the converter.

r ~Trans s-tor-Voitag8& Regutiedla
3. The rezjula,,tor should por-mit the con-

verter to Work at MtS optimum effiCienIcy Unu;; While 1fl5' previ evetoa Fa f
all condition. In marticular, it should not regu 14tA c rlly beo MVWLd to a trt-navitclrtied
increase the transistor dissipation. "or~ supply. 'O as a VR tube. or othor

referen-lce Oaarze pin the ecesry circuitry,
4. As % corollary of 2 anxi 3 above, tbir It 10 More egnt(and more Otficiere) to e'M-

regulator ahe-aid adjust the drain onl the m~l>- ploy7 ti a MLfor* Ar th regulating comPCWonn
U ply battery to a lilnlmutn at all times.

Ton In-chta rgIatioan In eimple drcuito,
5. liaxrusu powor obtainable from th1w feedback from Vhe output Wo tho control vind-

conve-ter shauld nat be limited by the regil.- tntj of the t arisornqer ot -Aturable reactor
later. must be prvvided. A varet of niettyda Qxliats

4 ~ by whilch Uin may tbe acanplished. A two-
I 1 6. 'Me frequency respclse of the reguilator stage Armis m rpltft Is euon it rig,

should bo suff icieut to handle the hidghest an- I-SI. Th., fire Mtagp Is opoao IMtt a

V%.1

7.
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Fig.7 1-82. Regulated tran.,3qtorizod porcy- st~p~y with saturNbt

grounded collector to pwrdo the correct Inoi- coctflation. Once tho circut is oeciilating,
,c-danco moatch into a Mhip-resleotance blec-ler -haioedmp h baoes At ground. The

3-gronded emitter connection writh the- aataiT, load curret and the translator gaUL

],-Or Ia., capcilr bev the firM
fjtqv ag zrl goud I re~aredtoprevent, Arother mejthodJ to inere self-staring con-

sjdt .vPJ,& L(oKpaZ series with the load windings. Until the oscil-

lator ,,tzrts, theoe reactors. have a high Ima
in aup~t vvr a conq- ,cdac. Once the circuit Is 5uppolying power

mllrbevoriatlon in load current Inshow to tme load, however, the reactors satuirate
1.1Fig.l 44 ~ T he requistimnis excelleint and extagNt imImpedance. Thif- techrdqrue

waB eveope atthe -Signal Carps Engineer-
voltage Changimi SOt I volt or aLgiti: mor-a log Lnb3oratorieec-(l)

thaln 0.5 p'ercent- A nslyvoltage regulationa
I ~~~~curve for a currmant at -95 maIs shown In20-la-~~~~~-'

Fig. 1-84- For mA {L.ptrcksA inc me2&o Ws V) '2.
sly VoIta (fremn 1. to W. roits), the Gut- %-

- put VoLagwe Increases fmely 5 Veils or alightly
ls hm3panwccrt- VtM a ti2 I not a-s good ~

as the load reswuxlatlcw, it, Lm ampte for many 0.1

- Ipurposes. if liproved rgatio i desired, 0

Self--St;rting Cl rculAtr Oj

-st~t'i In order for thle tzrv-nlc ocflator tbo Mtarl, 0
- & - ~ ~ aan In1ia conxto;f dr-ult Imha-bu~co au okq 0
/ xs.Wtnaig -Aca trangitora, this

It.. .- ilintce mxy beiaVae to perm-ait aeit- Wi
C <5 starting, prlclArty w4r odTinp-- 00 20 40 60 80 100 120

lena canm be overcome by usem ci the c'.rcait d ODCRETM
-. . Fig. 2-5 h eitrfrm thz comnmaz

beledto thensto iv snKpply3 mita41go pro- n_4 I-St tod rqqgulon (or circe 4
V ~~duc-sea emuficlen! Woe~r ~ias cs-tto cause



(a) +28 voltr dc at 2.5 arap-I i (h) +1.5 volts dc at 1.75 amp
ol__ __(e)-6.0 volt deat 1,5amp

> 4 (d)-7.5 volts dc at 1.0 u*

etadb ~e n' ulftr-y coUUMz

0.1-

1. (a) -..00 volto dc at 101) ms
0 (b) -150 volts dc at 250 ma

L t (c) +10 vot 2at60M
W O 1 13 14 6 E,3 17 1

4SUPPLY VOLTAGE-VOLTS 2. (a) +2Q volts dc at 1.0 a1my
-84 &r(b) +1.5 voltsn de at 0.13 amp

Fig. 1-. upply voltuge regidtimo for CIrcult (c) -63.0 volts de at 0.4 amp

(o) -28 volts dc at 1.0 amp
CONTEM1PORARtY DWOMN 11-3 1 outpJAat of thisni ulf=ioiz1 wit

AA multiple output high-power tranaistorized ame evulualad in tormns of ragulation,: aWlty,
*power oupply h"s beeon developed for grmmund Apple, and output inapedvuice in Table 1-49~.

syietms appicatlon5, to provide highly stable E.Vrftoental Unit. The circtitt ol a irziq.
higa-powor d-c gupplies (16 outputs in all) -'~iti po -supl cu nl mtr~nj i"ero fire and vaigld are Important factors. cl~oic pov supl rodtlo -A-1 ro

The &Msgn Incoiparateri an overload a6 Catme 1957, In showin in ig~. 1-8&
fehirt-circult feaire so that each ,upply will T~his circtilt fenturao volitage reoale -bkat
wvustain partial or dead ahorts for any periodl ftd t. t the output voltage -enni~nt in
-V time. This equipment was desliged to m,,-6 eIto of varytnr ouc votg -rvaYing
IAIL-P-11288C (Partsi, MateriaAls, and Proc- 10,d currvnt-
oe~s Usied In SignAs Corpo EIPTIxIjmen, d11ted One c:-C cllpzA valtag(e io r ctifto~l 8--4
18 Decembelar 1856) and all p,.rtz, materials, nvllad In a feedbaclk colnfection to th* ri
andA processes conform to this vpociflcatiGa rai'teslr he s ~dt
where practicable. Eazy gccasa for servicing Zener dodte functiceing as aconolantvoltag-.
and companent replarement is a maln feature. dr devijce. Ectng of the oto-etg

leriei Is acconipllshed by me~lmi d the vziia-
Thua central pow~er rupply corafisti o1 th- Wt~t r'o-aisance, which taips off a voJ~t*Zje

duhunita: amplificztlon in the aubaequont -2nIgitor
atages. This nmplifie-d 6ign ' Is eiaimds

1(a) +3-0 Volts dhl at 2150 mfIR with the battory-'-curce voltags, la thsV cv~n-
(b) -'150 volto do at 600 mAU mon emitter circuit of thi switchinil tzIe- I.js
(c) +1V volts dc at 2.0 amnp to Tma.,, "ny variation In outpuj! cvrrun!

drain is vreflected thrvough the commo~tn-
formur winding to vary te idbQc4 vcltage
in such a direction as to offset the zcon-

a fall ow rlqgo of the sourc-battery vclUg
dui,py I" apcific grviy oerlodsa or' Wi

___________charging-ratce intervals cannot prcrwA- tbo

R cuiags eqdlibrium selected by the vxr1Wable4L ci zierontat ln te p.n o

1+ Circuit r-alues akro as follows.

hapimi voltage: 21 ,,) 28 volts d
Outpvt xnrer-~ 300 volts do at 10 rai

I~ I-M Trangii~or OCCUlki aefsain Aux output No. I1: 35 voltm ac at 1.0 znV

ci rcuilL Aux ovipul No. 2: 26voltsac at 0.5 e



* Table 1-19-Multipto (Ozt~ut, Higk-Pover, TraniiatorI"d Power Supply, Spec~ftextiou Data

Regatti Sm2bllitv' Ripple Ipdm

N~ominal Load -__ _

(vd) anp) l2Ad to to C20Ie hct _
100 led prl peCL (ovhmsy a

+28___ 2.5 _--*5± 280 ~1 5

+15 175*10 *5 15 5

-7.5 1.0 Itoc oft 7A
1.5 -rolts tractir4
a yvats Wffly

-218 5.0 * 02801
+.300 0.250 *0-73 0.75 20 2

-10 0.800 -4.75 tO.75 20 2 3
-150 2.0 A0.75 ±0.5 h 20 1 3

+20 1.0 *5 280 2 5

-6 0.4 *5 *5 60
-7.5 0.5 ki0a 1A 5 75 1

1.5 VORAs trtAckhb-

-23 2.0± 0 280 .2
+3W0 0.1w~ 4:75 A0.75 2

-10 03oLMA.5202
152.GO1.1 07 0 5

AAA____ vj.

300 .4a

p3 HY<T

t- Au.,q

F lj. qv ated tr-unzitorited Vowrr Pt.K-,-y hjavln7, recTdto4i
Icas tze I pc a for N~-po rccnt c-c lozbl ci~zng &W 50-percmgI~ ~ ±-C IoM chiAqor er temperturr rargc f ro3 -.55 to 85 C,.



MIN1'TEN~ANCE ply that utilizesz an operating frequam-y msii
that ripple can be allocated to I nonobj&Z"

o., antenance requirementr are expected ul- ~o soitdasenobn2

timately ~ ~ ~ ~ J tocns ftasso elcoset pftss. The ripple frequency occura at twicoI,~
only. Germantium transiistors -urrentycet oilar runc
approximately $2-50 each, and it is asidc-
pated that furtkzor refinements inett;apmdu- * - ~Q E
tien process will ilso reduce this amouL

Prevntie minteanc mesu~r2 ae amed The power conversion techniques utli%iLg

primarily at preventing excessive transistor the yaotrndhevbtopo rsuo1junciontemeratre.Thi Isnecesar gice cmpaed iththe transistorized power
junciontemeratre.Thi tenecesar sice upply in Table 1-9 in terms of their required

A trnsitorfaiureccusabup~andscasad inputs, available outputs, and dynamic eperng-
In nearly all cases by excessive transistor nchrceitc.Imstbroladtt
junction temperature. A slight temperature l sscated with the vibrator
rise -above the critical upper limit causes an In- teqatte so

power supply and the dynamnotor i ve beencreased current flow; this in turncauses more saiie vryaso xesv s b1
heat at the transistor junction causing afurther the capabilities of the transistorized rmjr
Inc reao2 In current flow. Tlw heat and current
flow avalanche in a very trief interval to plyrconttlbegiprwd
destroy th* transistor. TranL,!itors must be
replaced in matched pairs to accommodAte the oERN~
required condition off circuit baJlanca seeno-
vary to proper operation in converter appli- . R. .,-ivloratcPo r

cator,. Mtchng ~thn 5to 0 prcet ~Transistor Circuitry," Technical Opera-
imApeico aisI ahdrcixsnc tions lnc., Signal Corpe Project No 162",

essary.14 May 195G.
APPLICATION PRWEAUTION 1. "Tho Status of Power Trannistors for UF;e

in DC-to-DC Converters," Tochnical
When tbs oktut ripple ie difficult to filter-, Mfemorandu-m 1819, Signal Corpa Engineer-

and may cause ;bdverae efifect uponi adjacent Ing Labor-atories, Fort _11oniouth1 Now
circuitry, elect a tranaitorizca Iwer #up- Jeraoy, 15 Auguzt 1Q50.
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PRIAMARY BATTERIES where indepentlence ofidvua nn
from a ce-ntral power source is necessary,

* and where an uattorded power rource andl
* ~AlthoughA muck elcectmiic and electrical re-newal by uxnskilled operators Is required.

* equipmient i5 d~esigned to operate dirctcly
from a 2-c sourcme, there are ill nuniorovw Many primary batieries; of dffferei COM-.

apcatlons fur battery power uupplles_ Bait- inatlons of sizc, hp elgh~t, and eetia
rtery power Is inozx usteful vdhere a hIIrh con)- charicteritics aro jvAila.li for tse In nill-

centration ot eti'rgj' per pound Is r-"Uqred, tZry equipment. For is roazs ona tkf the
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Imajor problemis of the design engineer is to Dry Cells. The common dry baftery, typi-
. ~select the correct battery or cell for a par- flie t o. 8 dry cell and the radio "Be

~) Iticular applicaticc. battery, Is the oldest type n-ow in common use
and is employed in the greatet numbers. fts

BAxYTERY ClaSSWICATION BY USAGE basic origin was the Leckl-nnclhe cell and Rte
conistituents are the famillir %inc case and itw

Primary bateries for u&-- la electroni carborn-rod cathcde wurrowmded by the elc-
equipment are generally classified nccording trolyte.

0 to their intendedi uze. Those uned to heat the
filaments of electron tubes arm referred to an Other types of primary Cella eMploy Mer-

4"A" supplies. They are generally lorw-voltage cury, zinc-silver chloride, rnapiesium-ailver
batteries with high-current capaillities. These chloride, zinc-silver przdadnmru
batteriesa also find applicatios s power other chemical combluations
sources for flashlights, boo3sters, and Mee-
phone circuits. Low-tomper-ature cells arm physicallyalinl-

lar tp n interchangeable with conventional
Priarybateris oed o sppl sceen cells, with the exception that they have batter

and plate currents for electron tubee are eromn cactisc tbyngr-
called "B" batteries. They are capable of ue.'h o-epraueclah'edc
supplying low steady currento 2t rehlv 1' tres h l-omp era of elln~ ofanwialo

highvo~~ges Thse atteiesals fin ajll- chloride, lithium chloride7 or timilar ,solr-
callus a hih-votag snuccationi tiMat M-L' not frtwzo at temperitures

Battertes supplying voltage to control grids abvot -10 C.
In electron tulbes aro known as "C" batter tea.
In test eat " batteries are alo used to
oupply power for thW ohmmeter, __________ _________

Primary Natteries are 2lso used In portablePraycllAcllht s ictrica Lnergy Li01'a a ch&MflC2i r tdticu vzlc~l
or emergency 11 ghti ng, oltheNr a-rsell- contained is, not rovex-sisbleLoteb i -
p ver zuppliec3 or an- standb7 power whan the .tiop or phyeical ritato of the- electrodies wale-

normal oupp.ly z.~~.Mthnegh iwwu of the dargn. A dry cell tf; a prima ry cell Aitb am' 1battories proviously mentioeod mav be used ekirobyts in thq .,rrn c4 a pat4o or jolly cm-
for lightingf tarponos, they are need princi- ~ P" ~.e ui~. n a ~
sally !n elactronic Lqulpment becausio of their eqimnt or Pa.ris where the evczpe o( ccro

11al si:ze. The larger cella and batteries tecbilscnob tere.
are used for lanterns. CIl.Th olIeetliuda4

be F-Ren tltK olctrodies In n cell vUlch ptarides
Other appllcairs for prin!itry biatteries t ons for treasfor (r1 charg* ni thisic-, ~ .

xre !'d as power s~ourcs for mechanical
devce e uch Ari step-by-tep rlotorg, servos%, c~QVoc.Tetlleett

andeclyns. Nrmaly uss ae es- tentirri of a call dueo to Mes iarts- It to produca4
whAt limitedi since battoriee becon-e cunibor- cifyb h lfrneI octa ewetho vlocro ma nrilis. The terrmrtnal vrltxage

soeaq the volta." and currezl rcqulrernentn aeza. h nr~
% ~~~increa.e. In telcephone service, dry batterior rv~lic ajdder- ci polarix2Urn.

,re unsod aj power supplies for ta-in nd
ringing cIrcuits, opeoration WI "ran smitt o r on Pclerlxaltlon. Thni cTa'1,,zo tst elcctrom, m-",
rnagneto awlitchharda, imterommulcatir4 force ci ace c~cec W by chs-r.!vr.I chwince lia
ryetas, and intrrupters. the- cell while ceirrert ia florwlbg thrvtFh it.

FowarIcation: redcces the tcrrsI* veoltarr of -a

PIIARY BATri"RY TYPIZii
Battrra. A nutibe, r cd c,-lls ownecle4 to-

14atiorlesz uscd in the military e-ervic<es fall &M3hcr 1o obtain tereq~uired rolaegve or rz&-
!,,to three broaid ciasnificatioas: (1) pavn-;clleo wnd packagA In a cmtatoaer. It ts cu%-
tica!' dry batteries whic are x :- to uese ternary to .'ply thin terma to 3 airgiii crU als.o-
when puxchatied, and rhich aro emplnyed in

gratnuiber in litay and civilian apl.- C adacly. The predutct of to are-regs curren-t
dirawn irorn a cell or battery "rtlw- uri-. d~r

catine,(2) o~-tompcraurebattr~e, ~which the current ia drAwn bel'ore tthe cell wr
(3) reserve batres ih are not read toler he i oItsq.e drop's heea uwful lsi'vL A
us,- vhen jixrchaB-d but becomt; oo when the exra'diane.- -

usOor activ;ae them In some wray.



-The most comon egvetype ordelayed

electrolyte. Reserve cells are shipped 2n-
stored in a dry state. Water miust: boe di
before putting the cell into Bervice. This ce~i
findsB application Where Long Btuora" COMAZ-
tiono are anticipated prior to use. The baa- ~ ~ ______

tories can be desired w that te elctr~y-, -

may aidittedto the cells froma2separzle _4h -

c tainer; or they may have an intornal con- ---
tainer for electrolyte, whilch to la~n intre.-

duced by means ol compressed ga". Normally,

Mercury Cells

Morcury-typa c -i 'titei are made up a~
cll coaihitig of fix ? basic COMYin-.

Thesge cells, commonly refarr.,d to as "RU"'
cells, have an anowe of high-purity Sinc, a

pitive electLrode conpo&W of mercuric oWh.!
which also acts as a depelarlyer, and an ehic-
t-rolyte of elme~r po4.ag-iui or sodium hy- D-
droxldo. In contrast to thL common dry cells-,
the call contal"ner 19 a ateeal can that doeeo
take Dart 1-n theo reac.tion provilcig Mhe elec-[
trica nrg.T cW!;CetUcon of mercury

Cel ' F m I 171 1-31. (
of "'RM" cells dijer4 from tha. avallah

ba519, the mercUry cell h1a CeVeral timsm
greater capcity. Fligwre 1-88 coinpa-reo MM,
turrulnal voltagtes c ana '111" batter ar-4a
Le clancliS baltery vernaus working lifie hours-,
The voltage or current clischarge of 'rlm
ctllv is relativiely steady. Tiicharactorietic,

tthe lack~ of reilena for rest periods dur-
~n t,~s cels ti'ell zuited for use In cotu-

niunicatlena -Vdiprncnzi, tranvirtor devicca,
and mete orol osgicAiln eet

Mercurv batterics hAT;O Fgrox) llgh-tompera- 11. 1 -87t. Coact ruction olf merry elIis.
lure chnracterl51:ica "s may be 'ren In Fig (A) ii:I friv, prc9&sed povder aiwxd, (i3l
1-89. The cinpity of the meorcury cell is Clidcl typex, praspt d jvvi-er strnod.
much reater than a dry cell at room tem- (P. YL hiallory Co.)
peratures, b~td as temperaiture5 dccrenoa. the
efficiency drupsi, an~d below 10 P the dry coll of a Jelly. Thexy hava a hWgh internal reaist-
pives belier perfo-race. MnCC.

Zlno-,'lver Chloride CellA M ChlorideWater

Thoste cells 3ae ixd In applicatimsn o-f very
low current drain. They have a caih-ode ol Thes6 Cells have a hlgii powor-to-weighi
.ilver chloridie, ;tn anode ol Iur -Inc, and an ratio adaeeeln o '-cso"~jl

electrolyte of ajurnonltnn chloride in the- farm~ caUonIS Where dilscharge curves must be rol-
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atively fla throeghout use. Each ceih has a 100
nominal voltage c4 1.5 volts. Like other water
zactivated dry cells, these are shipped and i-_ _ _

* .J 90~_

Zixnc-ailver pemd reev-,anryb$

- ~ficlent, remote activation, and long4 shell life . 1-
ar euie.Th lctoyeis potassium o1 _ _

hyroid. t o toe i aeearteco-0 5 J0 15 20 L25
partment or container and Introducted at ttw WORKING LIFE, HOURS
time of putting the battery into s-ervice. The

cela hve omial oltge f aproimaely Fig. i-9§ Effect of sernce I''; on termintal
1.4 vels. Batterlis of this type can produce a votesfLelzh-yianmrcyu.
ctxiiderable amount of energy in a relatively bttreJ abort time, for example, 30 watt-hours per
pound whndvrgdt xaato n1 1. Component - Dry batleries areo Icenxifll
minutes. This battery lends itself to missile by the two-letter symbol BA-.
and other applications whare it ia desirable -

*~t have battery sc-plies that do not require 2Tyenumber - The battery type numbeor
1 1 ornal beating or char"in facilities to op- identifies the typ) Lxf ceo of which the bmt-

PECIFICATIONS AYDI STANDAD a. tecl~inch cella. &5tterlles comocved Q',
d-y batteries that are rxjulred for Leclantcn -tye cc-Us mtrc identified by -hetyo

mfla- maxi procured under ),Atllaxy tebicypnubrwld consit e cm
-cllctions that normzlly contain Wtfirma- togrtredgtsAI A 3~l4

ijon deflining the batltry conatructioa and its 230/U irith certain vxneptions: BA-25Z/U,
phyica an eectlca carateilstic, bt A-2415/U3, BA-253/U A-250/AA, which

ncot Its electrical capaciy in ampere-hcars are procured Accordlhgtootlierspeclflcietoa
or its napected life. Thje rxso or, hi

I 1  oissin Istha thebattry'suse enaonlas b, Mercury cells - Batterion composed of
of construcilon, and size have a Ureat influ- mercury cells are Identifled by thes adRItior

core W Its capacty. o"10, da''/U" to the baic bAttery
I M~oat battery eWpeclflcationm ar fr-ocure.- type nur. lih aictpvube ledbe ars the "U" nomenclature., 4 Is Rnet al

mmddocmens. lthaghdeega ntometon a recondl time. For example, when batteries
Imayf bo contained In them, It Is net of a nature
* ~ ~~ that can or ahould be usedl in seetn at-

tvivfor a speci-fic applicatior 30 .1'7 II
* MIL-B-IOB, BatterlIes, Dry V )

Military Specificzt~on Mit-B-IlS eckntahis 0 20 RI- 0 I
. tusizzc defTczlplonm11 Including electricalj and t~cr~

~'hnclchairactrristlcn of Leclanchg4, me-r- >

uy, and llcateoas, itu wil R be y discused ri I e

-10-0 10 2 0 3 0 4 0 50F Bateres nd eri proure mxer hisDISCHARGE TEPMPERATULRE, DEGl Fg pecification are Identifie-d as followz;:

I.BA- trrnprrduret C4 cenmnz CrY N cr33 an;,.' -

mnercury rcpl-erreni cel -zndecxr~-i
Corc-et Type NumibeLr a BA - id drain-

-' V 85



idea102U ebaActevlsics andeat 121/1, 14c'lel nns;BA-24i
usednc,' cola eTti c-

ciel. Cealea havinge low-tevpnrat u - M iP~, ~ ~ a
berton ae lt-~k; tlJOO hr a flthBf thw u-, pcalItgeDocags

* - and a "/1"' (whus ee -x "doiac ~tn
part o4 te bat nubr) to !,te- bvttery mifen- ori WN na teo coer 7.d- lbtaff 2

now-,BAAiUa-as~tddwt clc I yi4 airca14 Theseoz barixes ar Inleed-

par o!th aoc ua2 r o/heU.tr rnuti ercag lovef 7,A..i

Wi & is iec lo l-wte -eafrtl toe ths spciia for~lAc w&~b l~umW-INtth T

tie coer a wde ~O1ZEof voltages an1d are -5dz*u c-wafettfi~crcv

vilbein a largie variety of q~zea and qa. -~ epkgpoc -e.4
xm-Shpms having Va:ioz typsmk- 01 teormIani;L Vnitloc ktotflnC 0Q dpa'lhf - k"W '

an g.dildca.ceitle h reader ii P-ty c.-y "ene~ NaUy prc'teonsa---
rt-tirrd to the -cificiflon and 11to lndvid- trcs ioits !tale *impecth~e e-e-
uW& ereticatunstect To fiacliltat refer- cd earma' niitU- rw i-
ring to pefieto sets,'4eshl I and. 1 S ststilse -tersaeteen- eP
th e A ppendlAx l ther ra-onub a t.)ec Co rd- hl-l-d

1.0
and ta,-UerkocL CILI: tnhue i olwi vpa

) imvtng 'a~norniq*l violtageof W- v-de modsmn ae etao-~e ~toiso
-tap at 1.34 Volts. i? cxmr-et~ftrf~ are 2t1 N f*,cel,1t 1b.rt

ma-l~~~~nzito~mi aIn e-u oshot rsj'cvly 5if , Le &i~t 2"aj - o

NJ--, a-covreby , i-'i-

ti' nt xCrv;NeAtloiis. 'Phone4 balter:s are dec-l,,vcad to Nuiuafu'cau o ., a- Olr-
j ~Inert utl ltIMtered in Ster Wo actIvation. -- ln o lcb corr, vfenral Ini'~-Es

2 '~ tl-i~st In Mt,- B- 1IV .4 Is cczmxer - t toA Win a- A/U atoypcB.Tepw.
muscae pti mapy &Vi-yatp nunbrt~ vi -r- ei-zr s-tMcra et cr

---- a', to nhow tWe rqwunnt with which thev useN
qAS-s bele-c Iz) &ic-nctatd (AlM, leona rne-Iorx-

>1:; ~ ~ ~ 1 lcal c*i roel U, gei aluolt DRic Bi-AT'W' ONSTf,3~t
tncu-esI or inwre n-iswra mtalatioN"
-orset is-orb wk an're hihau or Ir C01.i k-e c-rnto coztyaSl:

-5,----, , srum:!. An s sample <if x. col~ot tfl- AI-d3.cae.j5-stoi-e n ,n~li-IL-
tniis BA&-25PI/A. ng agr:-.

0 1 twi



7we anode or aft&weaeectrode is comn-
Poised Af high-purty zinc (over 99.5 perceog
pere). In cylidrical cells. it sere3 as tihe

celcontne an isge Iy provided with
Some lype of terminal, depedin& upon Its In- solutioni

~ ~cj fltended application. i curretit

Tim 9UM7l of the 2b(I9Aapra: W
K s~mall particles of Inturties such as irn, o

"iocal Celle" on th Idsraeo h
~ ~ ~ zinc can. This results in the rinc being con-.

tinueiisly eaten away whetber the cell lis Ia Dey cell
use or not. The small cmrrents eventually co

'7, weakea the cell and waste fta celi capacity.
nigure 1-9)0 diagramnmafica~y Ilusrates this
process. The magnified particle Is of Iron;
the loca-1 current flow Is from! the zinc to the

Iron to the zinc. This in generally referred

The enthoae or positive electrode lo a car-
brn rodnmade by g cke fr r pl Rowth Thle cell seal i.: eiheraalng axor am
pitch and heat treating tile alxtuv m iake inmudated metal enclosure. Xt Is defite 2o

.the electrode conduedve. be rc7 Rowe- protect the contento od the cell and to preval
R wniat porous to permit gas to escap,, And gen- loss of utistnre. Most sealing va~es contaN

erally has a roughi surface to make good con- rosin and oome other materM to lend me-
-~tact with the depolarizer. ckanical strength. Occanionally, asphalt or

pitch to used in multicell batleriet, r~Jnr
Th& depolarizing agent to a homogeneous tee trilaioofthyre ncal

mixture of appi oxiniately D~O parts of manga- turrounded 1 a cardboard contaliier. S~omie
nesedioxde ad lt pats o caron back wooe a metal seal Is uned to form an air-

moistened with animoniwn chor Ae. The phys- tgtecoue
ical properties of the mix vary with the In-
tended application and methbod of manufacture, TernAl,~

The electzolyte Io in tir' form of a jolly Te inl prid poive easdc~nssthg o anmiorwu hlorde nd inc makng external electrical connectlens to the

I usually mixed with flour. Inhibitore such as battery and conic In many styles ais shown In
clirmic~att ar a~e~i o pevet coresoni Fig. 1-92. In i ddition, rnny batterie6 lia

of the zinc catuiigmutpe emnaso
the battery.

Fl1at-type coils, Fla I, Conijist of lte
'Vtsame four parts as the cylindrical cells,-

. .. . .howe-'er, i.w flat cells ar JA siniw o''m r
F.ealed by a plastic envelope and F3&Un& wal:
to prevent loss oa Knisture.

I Phli cal and M&hanIrei Conaslderatlons

3 Primary cella are availal In varknin
~ ~,*. sizs, wetgbts, and ohapes. Table 1-20 in-

cludes !hie sizes and sihapes of boh dry cello
and mercury cello. Batteries constructed from
flieoe cells aro usually Aqture or rectangular.

SFor exict shae andW dimensions, the aj.pll-
I czl~e wfflitary spelflcatiboa se should be

consulted. Fla. 1-91. 11at conhmon dry celt

07y
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T'LN A 2l 20-DIS01 4= 211o d Vkifhte al S4tared Dry 2.lia frei n ft4L-9-18B of July 1, IM5

CIlibmdiiew ai mch6 COeL

dMeTgnatlon Rerg& vWldqh 1 rk

1 ~-1/4 3-/1 0.3

B4 1-1/4 0.28
D 1-1/4 2-1A~ 0.22
CD1 M-/16 D.20

C 15/10 1-13/10 0 .10j B3/4 11/ -.

B~l /4 ~ l/~ - -0.046
A 3/0 1-7/56 -O .0

17/32 I-7/ -- 0.0."
17/3- 1-5/10 0.2

P 17/n2 1 - 0.018

N V/c 1-1/10 ~ 0.012
No 7/10 3/4 - .009

/a - 0

FrMecur 1-11/1 1-11-93

R-R 0.10/5 0.44 001

FL. xnl l~145CG -46Iim'ci

FI-
fycree en M heratinrcseeprmml

Rin 0.52 0.mg~ra di0d.A xonv

eocket negatie trmina~ ixv q l ledo mlorAtu rze. (1cmpvr. u adw
.... .. zome b-atteitfor h o tv terminal iv i tr inl .therall nt3 fb a s.I ,

f atlter Oi areti~.o wth lat carn; h or-ptenW smd ofCR1A C~RC Insui-ngmatCS,
flat-A ari E a rp l o. edcprinigag-clsInetSoke-p

are brce or hon- Te n4-etrl charactertmtlcs of d ry n

en e ac lindrleto come-o nlts are coe'ti- r -~x t_ O i4erll ikjrnz.Idvdi1 cfctwxhe h~~
Whn loibe iri eucar -sd U -ao b osle o vpacbp an oarms



electrodes, cell fifte, cwuncted 1o-sd, torn- tha teWI2rature at vitc* I is operated and
Perature, and other parameters which Will be to 3ow- dere ru th 4r211L&-in In
discursed later. theory, wben the internal resistance of a bst.

tery to eqinal to the load resistance, the bak-
Voltp tory will deliver maxintum power to the W-3&

The open circuit voltage of ap~rliax cell &tte '"' inera nasat , ofabutr
depends -upon the electrode naterials. V powe dewi~sryl to ea 14udkvio rlaely umComnd cell has a nomir ~ ~ ~ poe eivr oalod1 e ae nvolts; mercury celia, 1.34 volts. The nomnl cnetCIlp*c~e
voltage doeo not depend upon cell size. Ba- Atho~ VA internal MASitance of a cell-2lO A3, BA-30, BA-42, and BA-58, raesdrn ~s 4 i nno uhcu
shown In Fig. 1-93, all hnve a nominal voltage for conors to the derAVnr 2z long an the
of 1.5 volts, bt their capacities are different. battery krmfnal i'oltz?,e to figher than MAe

end test vrage in the Vphlcable specilcnTus working voltage of a cell i r iependent ti.Bwwr ftelf dtebteyI
upon the circuit in which the cell to used. It ti-Hrmi t Wpe dh batter eIs
is affected by the cell's Internal refistance ~ ~ I1 fti n
and alao by the current drain. Desire battery raei ltn swudhcoieedb

4voltages and current capacities are obtained craeI ~laac hM1
by connecting cells in series, parallel, or a

LntornaiTh Roeftfa of a bxattery amendsg urun its

The internal resir ance iv dependent upoo ampe~re-hxr ating~ Its coimrcted load,~ and
the amount of charge remaining In the tuit, is duty crcla. The axuerv-kur capacities 01

Coll Spring clip Stud o ut Insulated P y Ybteylp
5P~~"~ -- Ston(ord fia~ sockaei-"

Scewih Recessed E xlondeJ Extended lnt
SkfFluth1 pin lock Tab - Iypepin guidcs Socket so,:el SU4
Fig 1 .-22 Tem~ avallabe for v* w~tk MtIL b~~.(Frm WL1 My~
B.atlzr Chart pr-,psrr by Povmrr SDrvt B'-~M% IL iiArmy kid
Enginring Lioratorlesi, April, 105C,)

A,



- U 'C. 'The series of CVITVO Int Fig. 1425~ Illat
~-' *.. bow Increased-battery life may be obtaned by

*.'~ ::, reducingj t! 7curreatn~~.

.*Mw A. to!~ evident mhat the We d sormal

.~ .. ~ battery ise relztively. short at blgh-ca-veftt

. allver-peroxide-type, are uoed In applieatlawz

-~cument that can ba wpplled byanybttfery
will decine gradually because of the accuinu-

io df wast-t products vthin the cells.L~~*; ;~2  L n uto function properly. Hydrogn accurulateo

(A) (G. (6 (0 (D) voltage to decrease. If current Is withdrawn

batteriis tsauall increases wasl theuct olalI
siaca~~ba Cw ia theruo battrie Inrese ?3tereha-

lu &ernt in sia emu ted ampere-hour ratim Mue--bnth elwAwokn ot
ach are ownw n tw C1g i- . :) is.& -- va ge

Th ~ ~ ~ ~ a beito tontind Iin tith witszlo he

Ingll,wrn phsia eza -ampere-hour rain Ismla ol 0 3
ttloi areMonUJIatUhebcuoofte t21 -

01nfti 12

gti-utlcm: ofl-sv "synthetic arc" or 't naturzl 0 > 10o

n"Gmeeally, celln aac2 VTith L-yfthtlt 0.9i0" o r ae higher arepre-hovr capacities tlma 0.8
thoesO Mado with natural ore. Fome dlnchax-gs 0 10 100140gr~vfa fr in B e~'~of (WIfiewnt marnsac-earea or ~w cel.,SERVICE FF11100, 80U11F tsrers ~are alhowun ig. i-U .Ut CAthe~

Connected Laid or Currca DrAn. Current chi cai-t drh

~r-aln IPt a tonllcn infe, 6batr rh, a f eM
1.5 ean lers ito thoe avtnrll life picture. la this

csa the %Ls, rcquired to ia%'haust thea ce-fl lis
eo lwg di-al Inonl deterloratiw,, lnheresfl Ws
dry batteries, takea lc resulting Ws a Lor-

13I s. a Xendng reuctiw I CC e-ar4y.

0 2To avoid InufceA or exesgie attry
capaclty, individual s~liato heetv 2nd

d1frn d uty cycle s on. the lie2La

by diferea aw.0Awu~ra.battery. To maintain a prceor discialr,10



)I3tO fi dreeU y prorl w to tho d~il r Ct:> L2 A
CIAn'nt, the elvctrohyta iarpfftzm u 4o

J- high d&eWALJO 1-A0&i Tsmwer, Aft M wa fL
2~ued trtrietyas mnoa kha zesi. an-,

ftl cectrolyto coit-nw~a Wi ciffiujzj ~Jywggh - - -

opemden~, amd an adettowdldtucnhmir vA 0~ 2 6 8 1O 12 14
oaxee r~s cmn be obiwiod irnti tha at,"
v7oh~t~o jgj ac{hd, SE RVICE PERIOD, HOURS

P T71W; effeci vmici with regewrd to ii Mvw~j type,

dr hithrle nir wo a~rsj i-*3 freeri the cold. Vi . battery compartm~ent can
~~~~~~ tnteeed :4ron will~F11Ie e ~ rgotain interl~1It1~~ toq period at Ulhef~ gkwr I 4 is not

ezomsiv. 'iii~~erA~rab~ktiotee battery be-it. The baktery location con be ur-
B~anfed to hke 2aatage of 2ny Intermil heat

Q,' 1uohome 0 lthecaineist n current is available, it tuayo60to 80 !r Lrenat of nrwal I ~achty. M~ be vi.teeed teugh tMe battory to Meat it.
* . ~elh 'i~J~l e~.~~ee eticiI~y~DBocliit} ufpaA2itors are nacesaaxy to peot

~~at~oriirh--s. do Iing the baftery. Externa~l heat shotfld-tnphwe irybe nraA- with great czre, o.ince Wier coml-
ixeheco,;ifctrl'thpa arer~~oa p~e2 oa 4Oiy damiaged by gvotilx'a

rtku-xOpfnwiff tempt'ratunae., tho ~'h yWIg ai

N111 W, 1A 1131'ch wrx-eAt- ,kur; v-nai agnesref&mnyimo
-ated n critd 0 o2 -fpeeimtii bn~ebi~o~t~ac y. Lowtxyeani i~~i'n whkro x Mghl Is prime inmportone. VIguro

trlnwkivou bq afed onily V~?iip-.i,

A mercwai-y adyzcpcl -t.nrmA
cipwsrng t pWalpomilfs and zbo'fxf toe abova

eq~wl t fi rtug t reiat1- thNm It [Pct
rM70F.A tainpo rmturom Lo.1ea rcirwxi3., the ?

ciNpaclty dcfcrea~ws vith Umam~ratuxia. gkow > L
a F very little clqpzcltyr Immalpi. .hel vinrta-
tico kn Urenninil voltkV og mrcy cel with 0 0If ~ Itartu' lo shbown in Fl1;. -1.4M

0 b0C
<::&- adiuntvr ioad er',o ef > 0.6 c -

poaiIfnce little (Alect on thefir cawAtle zi 4
* o ~c~aruting, teperafhwreso .rwXngg frm -4Q*' 0.

2* 1tse-eivvr chlorlda 1lnterrt)voly u0 __

afferted by ;Abnorrual tern poruiwr Ajbyv
~I()F t' batere~adeteiriorabe; beloea? -10 1" tJw.

c--cty drcpm as tempruthre decrqaksos. .At 0 20 40 60 80 100 r120 K40'm2'-Qu F the tuttory vill havo practicll7 noICAGE OR1K.I-W7. 1eu vei itae of & mercury ei
Wher (NWrimnt o Inendd. pimwa luwfin oZt~ierduv ad time od eux-q1*ti;I ~l Omtu wdagwraod rddzj



in ~ ~ p.srob TAn

K~~O - stee- ~on etainr akdsingnMadbrottlegn t< wermn cewy rc te to protet b te from lsage
-atge I evelosfrom sealnd.1 in ana. d~

60 T99easell prsur~ e mif-ay o p au espe &dEIcU cloctrotytc . e-S limt weyrdarlga=

2Z W- iwew bdelg ibe foean

a~ ymouriwed containsr for thw battery sholdd
kv providar. fts eith-3r event, the presgrare
RIVnt not be* parmittod to &3ecras to the oz-' I Si AdthA te 1et v3t ill boil.

K r WuercMr celia tested Tkt reducod priooourui
zdAvnienl to3 altilmdoo greater then 50 miles

-:07 rimewed o :ed'Ctloa. In 09 cirmcait voltagi,
'9 j Vie loss od weight that occuarred When Mer-

-) -uy cells wre exposed9. to hih altltuvi; to
d-mwn in Fig114

The t~on o of ThW, spain" Dn dry bat-
able from vt rlow battery typos. Primary ull' ta ories oi be0 avided.' loced host VW
eur ary typosa are coaldored iW tggt cawa Molting ai Waxes, pULt% and taue; and
Foel cells, briefly clisLesno i-he fectlaa P~cvznz~v the poatiblllity of internal abort cir-
'1nrnln and Dvelopmento," ar- whl&S truit dereiz~ung or the., cell euotAnir being
for 'vinparisea Vtrponcan evoz thoug.b practP Cvaxtroyad. In a-ttiwtn at Ihi temyporaturon2ca imo cells are rot4 avalishblo call activity is grea4ter and dwedrorstioni may

!cu aater.

affeted by envIronme-rts in which they eyper- Th"& CUAadlt5 are desftructiv to dry
C;:::, :h1k: all ote tdin packlages diosigned to protect the
ate, or to w the t m ,3 exposed flipr ~ bteis omly atre r h n
ma xpvc o ba t under differert o6~- batery fflofl thse destructve elmet, ln

Vtrcximental conaitioos. theM-1) lind A bkraht Lziegrtr irihl han to

Tcemperature- .- .m ...
Rapidly havng toreperabrn do nat at- M~ 6 _ -

tect dry cod:i uatess the chaw o taet avi_ 0<1o~e~

temperature --- co--- las ohm v.e
ar n,, hz-a,t t-e in

cauge chne In~ toerai t lrcterlttc vl0
a noted =ader Life. 0 1 0 3 r,5 07

11rw muvPR"ESSURE, HOURS

Drybateresarf dsigedFi. 1-2. W.,Aa lose, oi raorrniry colig w~wr)

noral sitrnoqharrc prueara. With tb6 oz prwer 5qi4is milne&ltpd
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II conm d M A s a tl e b e teabybittx-
Meftt ha VMc rnstera vmai iwis&

- s~c~iilbv Fpecified. Th'tttiezam annually
glom R. avtmer-Aon test to Yi'a~e tbw

case will fall apaf. T-his ouM in a m ay l~
implpy usen In such Conddions Nf At 1z~enc

cation ft metal bew. L1....8e Ia CA~ ~~k 14~~tsif0 1 2 3 4
'~ V uclarVIBRATION TIME, HOURS

fit .---- *-Fig.- 1-100. Effect of vibration (0 to 2000 cps)
UGamipfly, It cmu be wted that seems 6e- on the output voitag of a mercury ell undr

1V ~ wie iexposd to ncler rdatt* NA ft
,YuoaA cauum thi oulod wnly ahe t'n vell1 W6. TVWND2 AND DEVE1,0PMZNDM

1 a>' flThe terinl voltage of the RIA-303 &.il-volt

cell) was faur"d to decrease 5pruiaapf "Atomic" Battorloa Nuclony orxra-dioactivo
p-Cent siter expomure In a reactor to an ~atrios rocoived considorablo attontioawhua

Integrated douWgol 4 times 1it' Roentgeoq( Dirat announced. Those batteries convert Be-
-n Tim vh internaul resistance doxbe&. clear eneargy directly into electrical energy.

eet-aelimited to applicatiown Owth micro-
Vlbra~o 1" tt range. NMmedit0 applc.Aions spfnar

Ii scsI pyromising in standard-cell circuits as1'-When cells arv apcod bo10 ,, vha? timldcttfls Moiwr'ev voltagesi and as voltpae ruoarcea Lor
tir aala ma.y be damn~ed And internil ca-ll tAdevices as Geiger counters k-dosiMn-

4< ~~~us-s of POWttiq copud afttries tiarA
mee mm hock and xibral'oA. reqirmentj ia Fv,,j gi 5 Thos arc raw tpsao af volts{2-

U Glns and specification shootels iful be ceal- .2 cntliiuoi fe-ed of "lfuinl" (tin) electrolyte)
milito hpbtlctirm .in dioVimemalv epeila 771W.fiV~s a deiW ine whchthrtI

effect alf vibration om the m, pe4 vola edu a Although reported early In the 190th cont"ry

.......... cell Is ahon li fig. 1-Mtb Dv and Grove, thaseo dzelcoz have, w7ith -

ortatory basio. Coils produced In England have
dallivered as igh as 300 amip per sq ft at 0.79

ax~,Fuel cellg have the -dvantags of high

with thim equipmnent re-quIrernetaW*. jv
pacity isboul WeaDag a i qulmev C mid pressures to WO0 pcatrequiresan M~ we ight alnd s.acm wll psrnzl.

1..14 in1.e oaeetb~tre 1hclaoa
1.1 Isbte o mic ateiswt elscn l coils vary in constructloa. A typical

with cells all In certet. i1toh wine to, see ptassilum hydroxie Is circulated- Th. react-1% ~ ~ nected in serien--paralla rlerxantAcei) oexnto oosnc IelcrdsI hcthe _- 'erit battery aaibe sie relbt- lg gasses, hydrogen and oxygen, are fod to I

lly sar- d plicity go togodmer. In eaises wherb 070 Coil from opposite aiden.
si'zboto consider a soata ubttery Present work indicatev that a practical tnt

i, 1iin1C,. twos v-Ilk renrali ma cezlu amiolnv cl coil will bo developed. It otfers promise tn
ttng. The baixiory cx ho 4 chirgad avd military power 6upplies such no gu4ed mix-

cl.Vrged glils au Dlnd -llioa af t n emupec ad silo systems, beacon power suppliesa, and I
perbrselco.mckttle lpflr plant.



OtI: -, Chemical Batteries. Solid electrolyte soarces of power. In effect they are reserve
iantterles, with the eiectri.temical system In batteries because they cease to provide power
a solid form, ar" prodoced by neveral manu- in the absence if Ugh.
facturon- These- batteriec3 feature high vaolt,-4age, smsize, ongse ie , anh sbc k .Z avell relephNme LzL Lxtories have developed
vlbraitio resistance. CO ad the limittions of a semiconductor molar battery which bas at

capab~lities. The normal current drains are full sunli gli an a~ v VOag-e51 noeLr4 4in the microampere rzLx p. The characteric- a load cf 40 ma per aq cm of area. It gives
tics off this cell make it -sirable in applica- about 50 watts per Pq yd of electrode surface
ions w7hers high voltages are required wV1i no at an efficiency of about 6 percent
apreclable ekirrent drabL.

A cadmium suAfde solar battery ban been
Magnesium dry batteries have been receiv- developed at Wright Air Developmewl Center

Ing attention from designers. The BA-270/U which hUs an open-circuit voltage of 0.45 volt

is being fabricated from amalum cells, per cell, a ahort-circuit current of 15 ma par
igq cm and an efficiency of about 5 percent.

Rasearch and developmuent Into now forms
fj oi batteries Is taking place In many direcions, The fuure possIbilities of twoe wolar bat-

and it Is highly probablge tha totally new volt- teries Is still not Uo it
I age aources will become available. The Im-

provement In the characteristics o.'. the exin-

mum dry cell ovos7 the past years has b,-on

very great and givea an IndIcatioji of the AVZF1EC8
OffOCtiVenOSS Of pas3t reearch. An excellent
Summary of the trenda will be found in th 1. Vinal, G. W., "Primary Batteies," Joha

I reference to Hazmer. (~Wiley & Sono, Inc., New York 1050.
2. Hamer, Watar S., "H~odern Bateries,"

Solar flattorles& Conslcdorable offortisbeing IRS TransactionSD on Component F~arts, Vol

3 ~ mad m~to develop ioL-a- batteies into useftil. CP-l, September 1957.
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Chapter 2

FUSES AND CIRCUIT BREAKERS

F'ue and circuit breakers arm circuit pro- a-e crit ndetcuettheri) tao wcui--

totig devcs TirrirympoeIto rnt zero; tbereforv, to ojpn a d-c circuit
diaconmet Individual circuits, coznponants, or aixtonifica11v, au a fu~e or a circuit breakar

,..mant from a power source vin po- op.rne, the current niuA be forced to zero
'antndy dOniaging fault occurv in the wuilt, by como u~ownz. Thorfa &ria ivo major wa~ys d

This fault nwny be either n moederate overload doing'thia: (1) either by inc-rning the arc
o-, a short circit w'hich, becauro d the heat- resistnce unil thri Voltage dinVp Sarovi the
ling effect of an olectric current, can create a ore nquall the circuit voa2gge or (2) by -

*...*- e ha-zrd in th) wiring ayjsten or darnng creaning tho tompoir--turo ol th-a mvc and
CqvipnienL theraby dacronaelng the ioal-,maicn in the ar,-.

W,, operato wA eue n ircuit breaak9-
lo bae-d upon a time element pr~ticiple; thAre roatnce Is Incr-oaaA eithr IV

.19, mn a short circuit thery opamto practic.ntly lengt1heiiing thea ;ath 4~ tka arc or by cmn-

liou hvIP a defirite ite lag thst vArlivo in-
veracly with the overload. The "-nrAl ah ,-qo
ral thlo c-iracteretic is shown in kig. 2-1.I Specific cliaracterlstics are duwM later in

* the chavter,

Ymil;. A ii se to a proludtv.? ew~ c~atax- WnI
inij Snlernent tha! tueltz or bre,4z it- tho
ctirre;A thX-%4 1 it 0=SXC4I A &PC-Ji-iI VXJUC IR 0

LUmltrr. A lUmiter is nna ircrt-f Ifw with a

zdspttA to prclecti n r ssteru. b-, cqnng I A X
1-aidl u~~rhemvy mn~'~curremttx Tbe hig~h

melin poA 9W0 C In aama typook gmaUy r*-
du-a.4 W *fole of wnb~io tvpr~n

Circit Birvskc. A clrcuit breakcp ic an
siriocxnjccco theral d-,vtc2 ti Auo.-

tlIsne wtkn tho curroi,, in 0-4 cIrc,.t rv!C&IT a

CIRM INTRRUPIONCUIRREN-TPERCENJT OF RATED LOAD
Tha p -I pla of current Inhtnr'u4o In a ri.2-1. flaaj -te-ob-

d-c~ ~ ~ &rul vate frmUapixi nA

_____ 7



striding tlie diameter of the arc. it may also T e c a a trsi s o u e ae b ith

be accomplished by a combination of the two. and are primarily dependent upon the mate-
i rial, tlia length and shape of the fusible ele-

the etho of rcut ino ti~f menft, and the arc quenching and arc sup-
uses th# principle of arm temperature reduc- prsing techniques incorporated. To 2 lesser
tlcui, a Nuible ?lement, usually silver, gujr* degree, tiecaatrsiso ue~e's

u~~~ll~ ~ ~ pendent upon the body and thermal desigm. ___- -

i o niiet empeatet &1YC~_Rc~ieuis& ii-
Whentherelaicobetwen ur: nd ime used, aging, cyclic fatigue, and fuse current
Is sch n t mel th fuibl eleent anarc rating in respect to Its blow time current

to formed. The heat from the arc vlifieG the getyafc hs hrceitc.Tm-in-bo thectrstc prtctv tuin ous ar carride fsefiller. Bcause the filler removes heat froml'i hrctrsisofafs aeuuUbased on n ambient temperature of either 29the aft more rapidly than it is being gener-
atcd, leninatlon is reduced and the current 25C
falls to zero. When the principle of air- tem- TefsbeeeetI aeo o.

peraitre redctio l~ ~iled t ciruit molting-point alloy or &f aluminum. The re-breakers, acold bl:4st of air Is thL, tempera- sistacce of the element when P.current is

On te oter-and, the current in an a-c enug bove ambient temperature to reach
.6ircuit peodially passes through zero. It the melting point of the link, the3 link wWi

if; only titcessary, therefore to prevent volatlize and oixin the circuit If the resulting
Y-elgnition of 1ho, arc after one of these Zero arc to eetf-oxtnqktishinlg

panot nterrupt th3 circuit. easo
thiz, deionizatiou of the arc_ gap w.hen the, Thz? fuges commonly used in elect-ogde
current Is near zero J3 vary Important. Tbo equipment and circuitg -ire known as norul
arn will be extinguished when Cie dielectric Ing, irck acting, nd time delay. Thjse s
&Irength ot the gap permanently exceeds the Scriptiva name5 Indicate the speed nt tch
voDltage0 aLCr'oes the gaP that tondsg to reesotab- the fuses Interrupt the current inl a circWit
ilah the floe'o ureti hecrut Some repreauntative values; 2r1 given #a

Tablo 2r-1, and physical sines and .lectricl
atgsae show In Table 2-2.

F'useo arf; the saimplest device,5 knowni for -__

r .ioftcting electric cicuitg and automatically All fuss are devigned to carry rated loaf
'xkning a circuit when an overload or A. short Iladefinitely and stated overloAs for varying

-Li-cult occurs. They are made in two major Periods of tme, aS Shoini In Table 2.-. TheyStyles: the Plug type, which Is rated up to 30 also have a mazimu-m volt a aing hoi
amp in circuits where thi voltage dooes not the maximumn voltage at which a furo can ppor-
exceed 125 volts to groulid; and the cartridge manently taterrupt tho current in a circ.Uitype, which is rated up to 600 amp in circuits within a predetermined tlmca.
up to 600 volt. Cartridge iaos come in two
diatinct sihapea-the ferrule typo, which is Normal-Lag Fuses. Normal-lag cariddgs
raed from 0 to 00 amp, and the kniea-blade Nuaas are conposed of a11 ine'ubiting cylindertypWe which lo rated from 61 to 6100 amp, surrouinding a fusibla clement that ig co-Since knife-blade fusen have ratings that are aected to metal end caps sealing th;) cylinde r.

*beyond the ascopo of this chapter, they will not Fusies that have a high inteDrrulptng capacitybo discussted. General views o the various kiveD a powdor or sjand filtor In the cylinderfuses are shown in Fig. Al-2. around the fuible element to Tlu(trch the &rc

(A)

F14. 2-L RePres-l~ative cartridge and plug fupes. (A) Cartr&ke . (D) Plug4'0



Table 2-l-loving Tim* of F~uoem

Percent ofrt-n

Normal IaC - I f5 u-j min
siQuick acting ifes -- 0_10 "-t (L5 aft

Time delay -- lifa (Li hr 56 e

r~bla 2-2-Physical Siz~es and Ratings of Curtridge Fw~

Ty ePhysical Dist hi e

(ince)Vo[ts Amp 1
Normial Ing i-1/2 x 13,/32 32, 250 1-50

1-1/4 x 114 32, 125, 250 1/16-m0

1uc ctn 1/ 32, P 125, 250 1/50

Time dehiy 1-1/2 x 13/2 32, 125 1-30
1-1/4 x 1/4 2,125 1/100-6

oc-t curi durinff2 rrl nerpin s 10&op 1 ~
the &re used whenno-eilrqrmrt4

aet xcept that equipxrn and cornpmnenta
at toW protocteA aganne± ovorlozd5, W

'3 ~~~~normal-lag fuin;8e temasieyU4
fuses in ele-etronic equilvaent. Their current- (L '
time--to-blow ch atuteriz,21cs axe ahownm in ~ '

Figs. 2-3 and 2-4.

Qutck'-Act~nl Fxi A& their npame im- wd
pU110, quick-acil ngiu have a 11hortat timc- oi
to-.blow than norina-In fusc-s for the same D
overloid. Thqy sire us-d lahere the normal-
lag chaxrctoorifsticj ia not give adequato .
protection to auch itenin~ bintrumento and ~0
delicate equipment that do not have any over-005 .1 .00

lozd capacity. TIME, SECONDS

j V~~~~~~~~~~ig. 2-4. Crettr-obocaitrel~

15 amp When Q -ctlng fn e are us-d iii rnie-
k W uring circuiti, their rotdetancc &hould bi.

10 amp.-. tken into account. A9 indicatcdI Tbe -i
p4-m the regsince valloes of these fuses Vary over

-~ ,. a wYids range. Thw vadueii listed in tho table
should be u-ped as g-udes only, since the r--

~~~~a 10- - . eance of any fu-a viil differ from the tab-
ci lar values btcauoe of normual commericl

tolerancea, the dc-gree of loading of tl-r' fume,
C) and variatioas botwen unufacturora.

001 0.! LO 10 100 Tm-ca ue.Tm-ea u~ua
wwd to prof-ct oqvipment that tAkeg a hWgi

TIPE, ECODSiiial current tha Later dropz; off to thn

of r.-rrnal-laq tusca (33 Wi w Ua ie high InruT c'u, nt wanpskred to tha ruanln(

I., * .,.71'



TWO~ 2-3- &OSIStUS of QUItet Act4 Fusee 'usert shure IM Fig. -5s

reltiv "_me to l1w, sbvvr tIn M ffgnrc
I with the 41us e-N F olt>3 Cold Hotthe' delaky in fuse blona the tha can t

Arnrre etiatace raiman L-ied by the0 ua- Of ilat-delaY ftuses Vh4',
rng apr

ohms)28

1/500 250piat Fus tliterv). The Mct~ cwi-
$ 1/200 450 770 ment in! ths eOf luse2 a hiW intq

TRY 13 310 polo compared wUtitf A oiiA
1/32 24 M3 Thee limaiters area u&e nawntscci
1/18 . in 10.8 SySteo13 UP tO 120 volts C. OrF1 ~st

1/ 1 31 rond, Jo cyla ac. They i's jwids4
1/4 a. I ktife-blade a-niacfn to prven h

Lt m" t t.1 4 lmtr Isa shon I n Fig. 2:6, ,ne t c2ca k."2-
iaclimiesaegon in Tablo -sa

curre0.t ofo anceti mtrurtr ntarrig ue enlly have o L &-

surgle b ures of a op dactrlhen -voltageit in mn htmay b clansge when-cmu su~c3n'

of itese fusear sown in Toca load. xosdt v~-al

Threli conrectric oof , or tim-dla NMi trd- io enmin w oiaviw
dsfuren from ht of e aiter whe nol-lagi 00 Mon that ofy tun ha!-e a tprngh Icn-
fra qick-acting te.y. Nol-lag and quck ibaton. und of the o-j~.ct a-vugy ig

actig fues hve il eilmnt 2-nd n etle enEiocxs'1-un w that areff W-ltd0

compond eemen comosed f a usibe lik tuexpza to decraevirtitofte mot

dilereonly fo hrt circuitheor venrhig oer- Ante type, wffx-it tgn-lychrco-o

ladti, fad thev themai ltoto uiclion only tics, hasn~n- a t_, d fffren Cozwtuclon Ti0 ta a
onlwot drt overloads . T he urent comoun nlmen comns ofn emtai atega wllri~ oaNd

time-t-bn lw racterisic of atis lass of iR Onk oderiate vrloads whf tUM lw

Th athsm Th--eticaiie foor- T Mr3Tye ct i-ai Sscs fLrmitsrs?

oI ]ir hatan anertn ctpactty (oamrirtj'1.T

A (Se- 21i_. 2-7) 1,00k fox lt ~ TArc tim Aluaf ,wWntr

I-ID 1' 4, Z) o cclruThot r devex' toiarcov, arc tni-,

Fi.c -6 120.0 t 115- veArc- 500 ats

-_rttpttin Systems urp olne

por0~. 0584. h ln . at oBlioe d (Alsou AS-1IA AD No. 531124JL
poxtIN Te Glmn L Wrtl Co, Mln'G100U



-0 amp&sO~ -P~ A __ Itf

u 10

' 41~~'a -M hutl-

14 Kby tteesonh anld; 1-tc 1/7-a 'by oaeyv-P fu

t ~ ~ ~ ~ ~ ~ o am A.i
4~.~il iire T 1J l typo and !Ahu jlplfhid iieeiBTIME, ptLt~ i tf a hcobld by 1/4-i ,'oin, 1/l..

Fig 2-5. it Mn a cole epz4 tin tic#epoit
Pi-F-. or fl--'' c~ ald prfim a h Vnsed 1$ 0 ezoo tire cap Ia in p iace. Th c a Is uWr ove

aHM 1E from0 pethm itr- from toevrl holderh whn o s

b I FT1i 4e ,,
Por (dla heo3 ax Arengo Cy "Ano! lrnra iro0

awf" o vh -lp-, On abor cir'sls i in
m0:1elvz- N~to h loy, it-i law1t5 at] 91 I.

4n7t j;y4realsro4 jlve . h ~-rt "N. C'2-'---r--4.

eec~~c~!4%vg theD find-m ac o/1. II 30 5
me~ ~~~~~~~~ 1C red -----. qO i lca teiil

ten~~~~~~~~ in"- ;1iviie.OhrttM,

'11'-w-w '*V

of th iasn ~ :4~'-"'poll~

-i rift :t term Wlu'k o"n~ ht' Weto R-iF
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N506 PX0c a ade =6 the test

metoand reqilrements that fuses wmq
maL14ped to these spe efflfoas am

dnti-4oeefi oAheto that ohaw dlma.-
AM2 zd &LI$ af u nes covem by

are a~lhw "pcifialana that zr AwMate to

-ivof Te m~ajor fuse e il o M Q 5 ~

RU-Wh151C, Fwneq; ntruinest Pow
:-Si. cagMUS tof cii1 .rsi. e hon. ThW la thA3 basic lUayfa

ft~i fiev.(A) Norn4 lag. (B) Time de- on to a gen3ral bifeieus

Fuse~~~~~~ 9M&Ma hsote ae of materials to be uv'ed = 1aA
______m.TewWer n ae la reqLiromLs Specific contrucAon detliz df

-~' ~t~~aig on W nh re Mo o m exbk VWp of fuse are givela in "11, UTy sm)-
elipn& They are madse ia isigle, double, asW ai4 that mapenWUAu to th- pe~x
three-pole forms; aad If deeired, can be made tion Fnsoa miade according to kMa spectfic*-

In the form of panel boarJe having as many Uam kwo to mieet requirements; for electrical

inmatlng. barriers between the clips to pr- 1.Od blowing, toTSl vtrongtk a- x~l ai
Wnt flaeinwcr L-ow owe circuit to another. aic Ao,.

. Fun Cl~e Fuse Ulps ane generally mrzle Who speciftcatlon, ueamCIz d

fte aferlabo have bigh eleetrcal codniv-
tiiy n ~ gocd;rbx ike propert~es ba &rs BG It
necessary to make & Arm contact between W* Tfuse terinals and thta filse holder.rIuy are ....

mnde with oo wldml nd stpa E ?IO e mo te CL.rn CtsAA-.ertolie~
Centifiv types o fu halers are shown Jr IaD a

atit2 vApnnid by Wb letr "Y"' Zci-
M~~l~t~r1  -head ueolder 'rclleaon two-digit -anor'nctLc ue-

E3e nd,,, *o f ga e Agiructic" mid dwn-nto".
j Fuvec, and tho fuua holders assodeaed witt

thjel, in CQMnin n WMl other COMPOnenus ed __A. X-~u Im Uw mxwu nmNR
f'o'4 'P Muiltzri -1'oneg have a Qarloa of lipce- or ?.-c rnie vo tag Xor which th,-o frw o i
bW.attons Ui cover their neb and requir#>. ezzVSCl Ki is Ide-ntied by ono 161tor in &I.-

~- -~b ivwc Lection that specdiles mviterials oW

Scierredl a hivf will carry indeffult~iv witho.,4~, ~,;oo ~ -~ .-.-000-- bkmzru. -i i lIntffirlad by g crnhinatloni ol a
50f"IQ three-41,0t neniber adthe letter R1,- 41h

uCO40 amp h itn tha deciad point,. as Pehowa J-,

~ .~ The charactorlatlc Is Identiteild owe lt-
ter whfch lndfizRev relative blowigtn the

10 20 a 04 10 h &y£-7 OZi3tf~O

i ~~ iEX~~0NDS I In Mnii~ioter. 'riho dianieter over-~e~r--
Cum3t-l-a-lr ch4drsiv rlA4, OD oOR nkT,

rn" OA'ioi Ik1 I~reltn~



40 cm . '2I Uki CCA

t44it

10k-ry a r .n 5

rr -m 30

C 9
1) 1.20 0 10

JO 100 Is to C~kr 6,i50 am-1 i"Mwiy, ndt

a>TIME, SECONDS-vlsdX Qt
Fig. 2-10. Current-time-to-blow cbiancter- charadcelbic lia 0.5 ioavmd tW 2 egoods 63P~
Istics of vibration- resistant Hti-dely Iuczt. 0.25-mno and 15 to 40 iocsem ice_ Iamp

loading. T-ho fua bri to nieei mechanc e

Smath tvlocanti toan to to 100 iampd

{3eiofo jn - bloc for chckl

(Pccar in The- inorvpm capacity of tin

used in1,_V ot 0 ccocri~s
N>~~u, myl' a ' 2500 amp a d doh~ wt ro (00

cycl frthe atrv bng ti .4 limte to-C 1/&
ture~ ~~~t ca. raggrry its,'T r ted loa

atim ~v-rtnir, it opraty c hr-aeIsiic wi0ho0 2maineane itahl a

Aci 10 MiImum amd-bint R te prate o ar-

bte -aCunY 14Tg ji ra Elid

1-~-. Current rtin7

Rol to 1100 0.001 to 0.05
ROto. 110 0.0; IGOt 0. Y6'

Fitt. 2-11. flcprncvnta!I're type 0% TUn0b10 .0toQ9boldrr. (A) Post hoidora for cartriteaoo 0.to9.
Loser (B) olders for atir-rait fuses101 o95f 0. o99

-uon (B h50! oA A oM

31 .4 . . .~'W



ILC
Tablj 2-17-Charactertsticz ci Fums Made in Roindleating type) and R -two-fhgit numbrx

XAccordance with )AL-F-15100C cl Indicating the design, conotrctien, and ph-ya.
15 ApRl 10$iAl dimensions of a particular fue o o

Relative ~ Enclur Isr ootd by a single icitor
Relatveitherr am& -*aled to give som~ e re of'

A Norm.4 (normal inerruptieg cacaery) watertightness; or U, unsealed).

C Normal (very high interrpincapaZ)eouohllWm~ex~e~im

mal~e or explosivo iiaterial or material UWa72. Malum ambient tzprtr varmg produce tonic or auffocating fumoo vi=he
anifornly from 85 C at 9ea level to 2 Cat curn caryn partc be made of any mato..
23000 feet and remaining constant thefrealerfretesrvr, o cnthirid ccntaining more than 5-parcent iron. N1

unti 50,00 fet.moldced iplastic material 1f3 used in fabricating
these fuse holders, it must conform to

3. A niltte rage rom 58~ 5V~l ~ MIL-P-14. Any metals used in theao face
~0,0O0 f~Lholdera must be either corr'oslon resistant or

troated to resist corrosiou. The use of dis-

ca1 an t~ltrp1Cl ~unlia they are protected apaint o o-jeL 4~~~~. mxoosur to sanngiadcoutroto * smhrek amtt

63. Relative humidity from 0.t6 to too pm Whe~n resistors are ucd A in WiratinC e
fw- kldesthey must be in accordane vith

1, %-qosurre to alrborno r~n particles? a- for e-1 fusu lder. Indcating-typo hu~ra
cunterrd an dieserta. holders must aso hnve knobn Uthat arna~

orl trano;m~rn vIgh-temperahh-, polyey r

8,~ ~ ~ ~ ~ ~ ~ ~~~~te CoSpet- f iervban oi i; I c ine ighr -P3uS

- - Puoci ~ ~ ~ ~ ~ ~ ~ No holdeors made In accordance v7UI1 t3---7L tne;(ridgicoid

9. OparatWo in an ()io 0&17 'leStyifcnUo haveteiic~ toosr motP-cl

hoU~ro oderdI MF57
~~ is composmolotur reatt~neo and-83 th'use Lw, lneebo

fuan Indicatings typhole; R Jld4n-i-i1 olnilrL
to P poTtoivu ua I c-.'h 1 a

'4clij C Rtl' TitsV ciicati C VOT4Nag
F~mr HO g~d fo us wih istrueiK=6 torE~peifl~sdm'I

power~~~ ~ ~ ~ ~ Rie coeri byML711-&

fueIloema eo h=.~dc.no -11v-p 1-r ote -ef. ton-1r-;qo
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AS'eIR t rallor, Met a Nnr, CaniL,-oawgcflN

- as rveWc~ AO a protective device, a CirCuIM
'I ~~brew-ker sizad be table to carry rated Tmrra2 lt~~i~ ~ ? ________

I delay- charneteriezlc when so overload cacura -

I 'As a stritcftag deVice9 It Ohould b2 2ame to
make Endi break rate zurrent F]M)Out oreo>- ..- jT

2,2ra EL' tvz basic typo 61 circui zqhrahi- '

the cdectrorozgnoe effect og a currect t AnHreial
ccl; r nd the Worm!a tye, which Co)podm Arcln9 Wlowaut Moveoblo 500l44 tim

iWpci 5mn hsating effect eL mrrent ib a W-~ ctvimber con foci contact delay unit

~ett~cole~en Th deais a onh tllSAS' ?g. 2-12. Working parta cA a niogneUc
hileceti Circuit. Branrmm lcre o.

Circut breakers cnu lo uced in several
Thetripin acehnlo edrsnaaaeic Ct. ways 12 electrene circuits. The conventional

cvii treaer is atated byv a caonaid I'Mt hanthod ta the Perlcn overloadl trip. Oter
a Larw-able Irn core zAthla Elhsr mclcnliy Lmetholdp Comnionly usqed are the shunt trip,4 ~ ~ " eI.sc tual maonding through x,113 tzlow t'3, rla trip, gand the calbrating tW. The) dim-
cO. The tlbg ao IsCom)'ietev tilled '"Ath a 515 tiaillgtotrnatci yp L-

4og CO uie, VmaU~ IEOCentihi 3 Z mtat5 lfl zh VAcusd hi tOW followiAng PcCti&o
I A core Vjill No Attracted byV the coen-Otti This

caztoa . mea iat-daiay iratiad ahz Ob Atn Overload Trip. Tbhin metod of eii>
cirdt reker'a t~CXZCA,. "TiORkOr ipplicaon ionk boat Inownan

222;.~ ~,, ~ ~ ~mea Mldy used to protect sioctrontc clr-

cole -a'c is p-Did onc bya itsl~ une eetevemt Th trips aond con-
tata coopxOeto sinnn api- ,,-l, VN wU1z- r h

4 ,~ " t'-x~d'4 -a vto hatIa fu-rxciorat he nn-plyvotag T lo arrangement io iwell
0" P - i~ CTthe ciithe''aicotuuv citin o z the circuit braazer acts as the mainu

ELEMA3..ilrn --- walet nd veroadprotective device In elec-

~ AQ t ~oro.A~i ti cfloes tA'1ini e~dprnut r t used for overload and
urtixnr into the i-V ~ i fleldii t,- -oaA4 icuit aagent isJ Ohown in Pig1 2-MS

thethi Iirvans intl2 'M 10 i-tog 0gh L~
Utratth-.5 atn suficlimily ID o# t o

hvckxr.tu~,,an <ictc Une-l~ay rwam Trip. In ti appllctoa tb trip col
1cetgU le bn rrvi aitfixsaeict IV m 'Paralrel 'With the io l -r,Ind the contacto

9~~P~z brakii ai steiiev ruth both the txti ndte trip
ccit. :l sho n Fig. 2-14. Circui brkers

kW 7.nction CA, a eliulm qittiOr rJi 1 b
telcircuf t itrl tRai it cm a

Lurreat-, throug,1h the- coll )j -of f-ch a high -

Are vreiz ath 4a ictmss t lari

aauiate- n~thkw - ea ?rdpi as Ini- Crc
tauae-rt -Ule xsrn -W Ir f cru oi i

bretaci are tee --F 6ig pi rakr~

% tie crckuS rA: Theare it;rrnart a urne I ~ ~ l- tad
de],y to'bou a.01 ct-o1) bet-o Wik nlr-roa

t4 cirvcu i -i the tripsrn . cit
P .bra'imr tl o i-ttmtiPt: t''I4~~imtbri-ze warcct',Ona (or

oc Tn.~tc r'nri



j lindependent of thie contuac circult, It w~be
Linie operated at a different voltage from t1te line

Safety voltagc., When the equipment to be protected
Cir~ul unertocka la M &rati2g at high voltage or high citw

lmeoher L t trip coil of the circuit bgreak-er my
thcrefore, be operated at a low voltzge o2r IQ

Confoectt cnrrent and Afill give all the protection re-
-4 glh v Itage urdbthtTpe.

NA Supply in Tap This construction In ziu4..

addtioal ermnalatthe common pointelt4
INFi. -H Crcftberc~oeamgft contact and the trip coil in~ provide , a15

showrn in Fig. 2-16. ThstypeOfirn
breaker allows the trip coil to be simted k7

6 MEtye av ta-&terminals pe oe- a fixed or vaelable resistor to bypass scams oe
line 1-vil andshut-tip ermials Oi m& the load current. Changing the value of the

of tihe trip coil is cennected internally to one shunting resistor allows the IuA currxrt to
of the load tria d ailh te n othe be raised, without Increasina the size olfith

shnttiptemna y usiug ti y q circuit breaer.

1"thoghcicitclsngoutactjelctdi Reverse Current Trip This t", of circut
Cotrl r aftyinterlec4. These interlockse breaker in sed ond- C circulta. It has tw'o
'in o noiio o and their operation (-

pep.0nt uotemper-ature, pressure, humWj
Ity, time, orany ohrparameter thnt can be Li* - Line

Rea rp Thlz iyp differs fromn tha
66_'1~iG5a~ Funt-triP types by having the trip

. . .. . .coi and the contacting element olectrically
tholated from ech okher. This type ol circuit
breaker Iham four tenuius per pole, since Load Load
the teip coil and the switchiing mechanioi
each need tIwo terminal& Ite baglc dvaign ig A
slown in Fig. 2-15. aln" the coil circuit is Fig. 1-16. Ciretilt brtakor connctiomsfor cll-

re.sivtor. (M Flntd shunting( resttor.

windirip on cnl. coil form-a teries Windinu
Circuit r -T 1Tri P coil and a .Junt wliiding-connocted in suich a

I. breoikr- ) mmuier that Whe fields produced by thq cois
aro in oppoklton to each other when the cr

1 rent flows in the forward itrection. Whotgt
current flow brvcasee beyond overload in thle

__________normal or forward direction, the field pro-
duced by thO raerles coil increases until it Is
strong enough to overcome the oppoving flux
set uPby the gutcoil and trip the breaker;
When the current Is revereed In the series
Wirxdln'7, the fields prxoducd by the series anO
shvint coils Are additive and produco p. flu:,
istrong enot!gh to trip the Oireaker wihen a Pro-K~ UIOO ::ireverecurrent nAttned.

To I od fora reuie entsc soea~gtr

rely tl Lresistance maY be nOcOssAry for the proWe

U: 10



functioning d a circit breaker; bvt they are Xii this figure, ci'sve I allows the iciigeai t"m

tri~ng chaactayisac.ingan individuamotor curve 2is rn nter-

'mediet whereeriti there in norcft wurhtenusre~

e i Pl~X pnup liuoeu~ to poetnentsi.
teris and instrumuents and (2) ie-delay cir-
cuit breakers, wbich are used to protect ?b uvsi 'g.21 hwteti a-

equipmnt be ann certain nimoumt of inrus acteiatics of circuit breakern at 25 C WAn-
enqurgecument s isbe Ifte u blent temperature. When the temperatvr3q',-

tie urret ie no e~esate. e& from this vallae, correction curiea taro
tionof te curez in ot aeadveqwired to ahovw how the tinme delay is af-

fected by the ambient temperature. Miffereit.
Time-Delay Chamteristics. Representative liqtids used in the time-delay tube give vastly

tkn-ea haatric ar" ahown in Fig. different ambient temperature characterlalcs.
42-17. Comparison of these currvex will show Representative curves for two llquidis a"

thzt as the frequency Increases, the duration ahowIn Fig. 2-18.
for any given load decreases. This is a de-
sirable condition Eince the lheating effect of Although vanbient _.mperatre affects the
a given current Increaveo with its frequency. time delay of a magnetic circuit hireakfar, it

A-C (OURVES
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imtlotting ot a circmit broaker; bu they are In fidle figure, curve I ft~ows the longest tim
all siubsidlary, to the main reqidrement of the delay and Is used whR, a circuit to protect-

/;~tripping cactrli.Ing anii dvidual motor; curve 2 in an inter-
mediate charactexlstte ured in circuits where

;,row tite standpoint of MLing character- there are several ieces of equipment; An

(1)insantnem cicui bkaakr whch re elaivey sortti eqd uet ad copo-f-used where there to nocurrent Iraesai~nrush currto f lctoi evp en t orto

JI-f.7 ersandinsrum~tsand(2) Uwme-delay eir-
;,At breakers, which aro used to protect cici raer t20m

eqatpnxent because acertair amount ofinrush betem rau.Whnthe temperature va-

tin~ ofthe current ns potecssile ifteWr- le from this value, correction curves are
tAAILUI4&reqi~ured to show how the time delay is af-

fected by the ambient tomperature. Differeit
TieDea Chrctrstc Representative liquids used in. the time-delay tube give vastly

qj tine-delay characteristis are shown in Fig1. different ambient temperature characteristics.
~~ 2-17. Comnparisoc of theme curvs -vill s Representative curves for two liquids arm

1that as tW frequiency increases, the duration shw in Fig. 2-M8
ft~. j for Wn given load decrease&. This is a do-

ZP.' 1 0.! agiven current increases with Its frequency. timco delay of a mapatic circuit breaker, it

A--C CURVES

l~OO~r (60 cycles)__
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do o nfinewe tha current-carrying c- miwmagnetic circuit breakers. Theio timo.
doest *a, the inmineu-rp on g h A charactertstlca r honi Fig. 2-9
breaker. These points are determined by the
magnetomotive force produced W thecu- ______kAO

practicadly in ependen2 el temperature (3lrcuit brea.kers, CO ohe comwnt..
unz in military electronic equipmerA4 iLiau

bodfo reat ed Uen tnd hatigh~ aient i np ouaein ordc ard sumazdirca ectce
teetursntfor a bimetli almt. byr the1in Airkh

bimetal-589BAM Otrip, BrcraitbrakreerinI

the~~~~~~~~~~r clsdpptouO vrlastebmea tspie coypen and michtei, toe
> 1 eeet sbTtb he trepting acinoffcict pole trdip-hefricno circuit breaker s o 2

coreater ewdapm~ nd n tkhen cirut, of dasp for ea in acnd-coaicat orwhere
cth curret L a achrele temole_ yes and has bee petoar oed byn the Air

Whe-rate crrtr tselw through ftr iowet agaith ely eofly rnatic roso. i
~~ -~ j cu~~bimtal alpiO circuit breakeris, cfcto la aaacar hwn o

the cosan Invese timeladhrstrstc the bimtap 3 u1ren varies witponlents n aeil ter
Hare clement 15l causeb the circitg effeC aurioh. fbiain fcrut raes
te timea foritilebmtli Yleen to hhas miia prtanar nheet ais tha ouie

ince therm lch broeaes reuhe abf-leo ~~~cfctinaefy
upac rerl cath currpents theyut. doinoimilarg dmesios ring cnac;or,-whand

hav ans Iandtm-dlycaaceit.1 the m trn aies wit ombeach cimeit
L~re u _lntvj erause the cici bele liWre.

Sine termltt beda tie eu~Iona l Frmee thi opel ffcat ont anAv
att.. .250% foot laea c olmnly topectifrc atindr shee-tsa hat gi0 Aprin4e

ndrawi 3, dleatedu 2ains Deceme 48 anda
chavr ahno lnithi the timemnt Doo refinr-
xupturide c rncelle an spen rtecoe by voet-

Avrgotm H dalol Il v eane o tahen oti oe
aibth epeurv e o.2-779 C~entlt i rcuiit r ~ r Npcfcton Isr-A general provisions con cnd ithm ras

.u.. 2o0% cct ounly~ l rae iiffrom i o 5 am date 0 Apolt dc94Th
o - i compment, aed 22o~ln pacembel those inds

-500 0 -o0 sh00 wiO 200 LC-80AGforequally 'rd crfeit
beakers. pov est Sp enrcat ly follow7 ivo

c until of ~ umiity r' ficato Ingu ret-

ciruitbraie at25 p wietho icv lo Vs Enl cul br iscmaded. I a canes wi tf-.
-fill '7'ut4ta nprale hc fl pole,17). C-7079 a e o rcat tcircvut broakers

2 a~~tedfrm t

cuv.wt cu v .m 1 -0 amp..~ at 30 volts do. -

general ~ ~ -prvsoacnene -hmtras

-.m ents andw- dimnson pa-. - hu,

50 0 50 100 150 200~~~~~~ &C-0BAG fo-qal ae ici
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TIME, SECCNDS

FWg 2-1i). 7bermal circuit breaker tme-delay characderstlca

from escaping ftwing nake and break opera-' IL-C-17361(fmps), 3ML-C-11587 i
tlin at rated curreut and Any altitude up to an LC418 ) Te,--., specila
50,000 feet. Their cowlacts are not to fuse tiona cover rerg e orese aB fi~ed to
when the breaker* ad-e bald closed for 10 wtv~y vessels.
seconds at 400 perc"n of rated current or
for 90 seconds at 119 percent of ratoM PLCA1O

Neecectoni CiruitBi-aker~ecncaone1. In selectiag a fuse or a circuit brea01wr,
Theo following circuit broaker specifications a. WhLa is to be rotectec?
aegiven for refarence only, since thoy cover b htvlaeIit eltru~db h

chvcmit breakerp for jpDower and lighting protector?
c. W1a bste normnl current thmoigh t

I Ml~AL-C-837DA(ASG), Cict Brlor tic-
trclyOeatd e-Polej~ y A-1. Thi thouh th themni bnra

Bpeffcifi~ -cvra nleol-operated o. How long can the component carry this
3-polo air circuit brvz-.or ior opeoration in th abnormal cux'reot without daniego?

in lino cirit of i O-kva, 30-.kw, 208/120- f. Will tM circut protector h5 subjectod to
'rolt, 400-cycle, 3-phzm, ground,.,d neutral, any vibja'n or bock?

enin-driven alternatorz in large aircraftI J)2. All leads froou -the primary vervice lines
MIL-C1243(CB)circut I~aa1~r ~ hould be protacte by fuses.

Pul-se anudfr~~17 &Ir~Ei 3. Fusing c-f eircults frhould bei such that
"Coe.USS-it rupture or removal of a fuse will nat cause

cove sp&Yjurp~iemanall opr- alf-unction or damage to othewr elements in
aled circuit breakerrs for uge in protection of th circolt.
lighting and ligh duty power circuits.

~ ii4. Fuses ahould be connected to the lead
IL-C-14144(CR). Circuit Breakers3, Nfin- olde of the main power switch. Holders foy.

natty ___ Mounted, Sheet Steel brnhln ue hudbe such that when
incl.-okTf sp~~c a coveri# correctly wired, fuses can be chaniged withut
maii1oorl~d cl-rc-it breakers for out.- the hazard ol accidental shock. At leasti one
door applcatiw in protection ol lighting and of tic fuao-hlder conn-octions should be nor-
pover circuits in the fleld. mally Inacceidble to bodily contact, and tHda

IC 10
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tern naR ctout beQ connectod to the suppely; dai malfuction anti &Vu nz-C F
tI e accooolble terminal should ha connected Pa'OtOCt CS.

f. 12. Fuses may blow because 61C -hat

- h XFrA&oan- fj-gT domg ul 13m W broghlt stoat by peer corEdSu~ rather than
r jaad a Made t_ aM accessible liceatlmn besauro ORP fault to &1§S41 it W~ ec*>

V iflQALPIqluseo are used to pro 1 cr. breakers cmn be s'ert tn Jan-
N ~~~~ A ~~tedt vibrators or choppers, they may be sub- tiendwhlesioueta srqiedI

~<* -~ ectd t cycic atiue rcug 2 bou bythe replace blown fuses, and spare parts Wre
*imso and co 2t~ e nitrton t h urr ent bet- seldom required. They may, i .erefor, Lbe

I>delay fuses, which usually have elements ca preferable where continu~ty 07 service ie

libl ogw~tidn xino n otac nImportant consideraticei fr whore frequent
tica, are better under theu, "clrcum~lAsaces, cs fcrui rae qipeti o
pabl ocotsadngepninan of - fse relcemenit mraye be saprsed. h irstm

8 what mere than the cost od fuso equipment

7. Instrument fuses should, be coordinated but under severe service, circuit breakers
with the instruments that they protect will be lean oxpenoive ever tim lie od Onm11 i. Ite bas,,ic rule in fuse applicnan I:

fs the hIghest fus.- rating cons0ttnt with M4 In the protection dt circits, a great
4 ~adequate protection. Fuses, Like any other cia- dal, Cf confusion existo on the n..eesity o1

vice, aire prone to agig. They shouild be spe oitruton of the circAit Lne h

4. orated be low their rated current whenever circuit protector can be conidered iroax twoI ~ ~~~cults and (2) protection agantoorod-
it. A very common error In circuit prote-e- th codinsoprecon rea e i-

tc nt1h0 ueo o-f a rotector with curnt- merclyopposte for theO conditons. To

time-to-blow chnaractorisiticee that do nV! co- protect against short elywnal spee fs

moat or component to be protected. The out- tcinaantoelodsm loac a
sandming ar-aple of this is the use o' normal- t emcsfr?~mestmos vrod

lag fuses to prVoct motors, especially whIen thtctsocri9h.wru eid hn '

tho, notc takes a high starting cuarrent eupet nfrttrndo.I teisac

Time-delay fuses, wich can carry n th the the circuit protection device 5holTh net open-

~ istarting current and running cuarrent of the ate unless fth overloa PoriW3-e
meter, are the proper dtevices to be useed In

this nstane. Vu laten n abient temperature may

I breakers to the point whore adqaeprot3c-
10. Under short-circuit conditions, a thor- ticm ia not given to equipment, wor lse the

nmnl or timae-delay protector with a relatively circuit breaker may operate iczeely. At
low current rating may require more time to lowv temp<3ratuxts the circuit brc:kc&r ay net.
opon than a fast-acting typo wiAth a consder- gieaeut rtcf iclratl-

Iably hi-gher rating. flee of U19 bimOLallc s"I.11 arm not ceeci-
mate wit thoequipment thA thi ci~rcut

1i. Fusesn with a rating of 1-amP and less breaker in to protect; while at hig her fain-
are fragie anid susceptible to ruApture b~y vA- paeriture the- bimetallic strip may be oo hated
bration or shock. The- reliabl~ity of the fuse that it causes unnecessary Circuit laterrp-,

K ~has to be considered with the, probability of ios

I; U
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INDIKATN\G INSTRUMENT$

The ftmction of an olactrical msaemuxtr 1'Xitler, t&x) Inimslmen2vx way LIn-
U futrune nt is to trainslate the magnotvda Off Squppild I rom a t-aniucelu x czch Ms a th 0erm0-

2 ~an initangible flow of clectric current to te c gpe o that te W111ec xvvv rA
tangible position of a. pointer along a cIa!- curent in terms o1 teMpevrature, 2nH11
bratod ucaL . The r-nter deflection of %lH Sncle in cllhr nodh do-grac or theo ltntx-
electrical measuring lwtnetma isoafrmcticn7 mont1 May hzi cennzcted to a tcoee
oi the current through tin actuating coil of thn ganmraor glving a 'Otopr-O eTlnAl to
Inartruw-reSped T1 0ac ae is ta2 npxiacd in pn

Thermocouplee, taeherm-atoma, -~ iirtai-
For current mea-sirements, the- actuadagi &er r- l,rcsa-xod fulit eie.J coil in coax-iectod In sE ries with theq cIrcuis

to -3 mneasured; full ocale deflection, in meet;
irnmen-ti utlly requlres 1 to 10 ma{ th~~Orouh the coil. Wheni currentis larger thabste teclupnrne, i atro

those that can be accomm-odated by the coil ar de'Lin eoneinpcst ahc h
I . to be neeauredl, a iow-r-eelztance shunt Is mlltAs3 and Lvinrztrlal nra i sld

placed intnally In the instr-ument canen and, ialater zeco Incliadag E nmber of dfl-
N' onnected across the cell. The muagnitude of nitiona. The lflaitmi dt the amev itaims are

Oite coil current then become~a ft-nite fraction of het qlways Ideical In all1 f these sqp-cml-
the) indicrated current, and the face markinga callous exi vr they do act d1iffer matorlaily
of the instirument are scaplid prenort~iooately from the ban- ri ltrntcoeit ffLosaard, tin Amer..
to this fr-action. The inntrument u!sually baz ~ i Standa~rd for Slectrical hx.dicating lastr-

0 nottus resistance (compare~d to the meanc- smtst, CS9.1-1955, of the American Stznd-urod circuit) that there in no appreciable Wa~ s oiatio Any diMeence in jwordinjgintoereraco wvith the normal operation ofl tha ifociricto rtherta eito4mezsured circuit from the3 basic &einitien-m
voltaget measure-meuta aqro made With a A few of the wore Important definitions are

current measuring Insiruncnt by moan of a gvnbnn.Te eetkndrcl o
renistance in series wvith the actuating coil, parpvn d)uv from ASAa LSadrecl (3.1 r-
and the- entire6 assembly io phaced In pa-rallel1 erenced Qbovua Oather definitionq ill be foundA
with 1hc potential1 to be menon-rod. Wit V hr hyapl otepriclrdsuuc
scale rmarkewd in teram cof voltage, the earies
resistance in adjuszted sio that when full-r-calo
voltagetg is applied, fall-i scale current will whicatn nlyteprent Auno the quamintin

fle-vi tlrotyr'The sneferies resitance 6iol hz c,5 nro i r~tt
* 5 ~~~~is char ctrlstlcaliy hlgh enoughsotath fl 'tediviulylnicl±

inrnument will not appreciably interfere with
the normal operation of the cir-cuit being Self-CmitaIned Instrument- An Instr-UMost

*li~ F;,fic))
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into the cace, or mrde a cotyro patlulitery f7etic2 n. gner-A,ct

theref. lmits to the permxrreant chas allowed fog
en'orto in idlcit after rantd amounts cl

Mechanism. The arrangement of "rts for vibreica and chock zAi tonaperaturo oxctr-
producing antd controihing the mothvs of the ia.9 have been z Ai -115 Spe fle&2
indicating means& A includes all the ectaenflal tine M-10304A JIB~ articular importance Ia
parL necesary to produce thes rents, brt that It cove"rs z rc edtednc etm r
does not include the base, cover, dlii, cor any required t-3 tEbGr le& tha tiated amounts
par-is, such as serieu realstwrs or shunts3, of error after bsing cibctozi to; igh valuegs
whose funiOa 1o to adapt tV instrument to u! shock, vibration, teaperature excureLeenf-'Athe quantity to be meamured, and immersion 4n wu.Maximum allowaQble

Movig Eemen. Tose art wtlhmooaa values of frictilon Ae a1e elated. Where hi~h
Moin Eemn. hoe arswh__ova values df vibration .Al sohoc @ad expyosure to

a direct result of a variation in th-a electrical fth elewrents Bisy be '~octed, as Is usually thre
Nquantity which the instrument is meaauring, case in military nvudicalions, the ruggedlized

The weight of the moving element In, lido one- Instruments in azemd with OAA pecification

half the weight of the Wp~ henl lectia eaagylt plidto

Noto- 'Me L'" G1 MOe tsrn, 'Woemen-t' it BPtSzd cd Indicaionm
Vlin scoura i W Pgee t r

electrical meawn izeiruzaGont or when the
Influence. The change In the indication d. energy value changcz, tisi pointer should

the instrument caused solely by a departure renpor4- prompty grt2 Indicate the etting
of4 a effied variable from its reference Valueo w7iftu dlay. R should no110ekit

valeallo aninbieo being held constant undulty beore c'Alein CZD rov4. Further, if tics

External -Temperahn'o Influence. The pax-~ lag rapidly, theirrann point-sr eholde
centag ch~ine In t-3 folio; ho' I l-rne cMgz -- tire othe1r hand, Hf

Indiatio ol n atrurnent which io caused thk Voltage chaegn very r-agidly, iv@ in th0
. '1 ~ ~~~~~solely by a dif ference in ambienat teperature otu tasec arftr rdcd

from the reference temperature. tnnlteimabe rlrAbl0 to have

a reopongo vsbid Is deltad " bit and whiche
Where atlilary gpediflcatlono Indlicate a tedMoaeaeoc iyrpdfutato

upn heieiumnt s taedtatth enft W tierdt =n anus r rea.p~ ,x't .
requirement for the maximum effect of hat ThusG, the cieorall tnrsc dyntareca mmsdn

sel, haill inidicate r-, t6 and tire
diffrene btween the n at this torn- T £tqvAtely 60iscwrn Laaruoset epe

perakture and at 25 C0 .Wl, in general, be no to the aiviled 61lectrca e'nergy, a forti ceft-
greater than from 2 to 2-0'pret(dpn ititin from C309.1 aiv stl forth h-sra
upon the mnet.,r typo) and thenermisnt change Dapn.T traaple otnt h
shiall not ho3 greater than from 2 to 4 percent mnc~hwih1zp~trstlst i
after a series el temperature cycling teffts, Mnnytcia er whc chang innu stheo valueg

the great varatons Weing atlored tho ic JiSil Ste emcdcztil.T eerlea
instrumentsW.dme eto r atnnsv ni oe

Accrac Rainc-. he imi, uualy c1 poriodic, in h, the poinler osIllates
Accvac Raing. Te hni, aboutc-- the Ila m~lcz bore comriing to ro,

presoe sapretg of firll-e-cah6 value, andA (2) apro !,anwcc the pointer comeso
wthich err(,-- tiill no eced wheni the mIn"- to rent VAotovrSotiFte otption.
mieat Is twer k-Y reference conition. Te onto ie-r r- pe~riodic and1

In general, mnilitary speciflcsmtdcca requir prclcdmpn na-1r ciia an"g
the initiald accuracy of a.n instrument to be Not e- An L" trm~c-st t-- ttti~rd to tb -a
of the orde, r af 2 to 3 percent with the grater rally dn'ipsed whes om-rtirot (a potnt jn
figure applying to the I- 'ted 1-1/2-inch de n re snnu aa oeshl

terrntned sn ce an>-y o th theono ut
*' ~~InstruntA(eredscry(5Lnnme we

'Dtrmgt Inacordwc, wtulane.t Lzdlq

' (hr accuracy rnthw,(m i~v lc'd- to r-cprr'n- -____
(tictolrane a'.dcohe toin nolmnint n2a tial qcss utlttes to e~alit L-tuirunincrtA rcaixacs.

"sr cevd condition." Additional tolerancez !er u ntrrot lbIoae tapldehm le

the yam-bis in.mccc are permitdihnap1 on~e ciA &1 (hr ncae, Lie ar"chruetlc rum- it 1-le
coblaI" Genecrally the accuracy 01f elc-ctr'iczl imi- redcrb catm'Ss to E1-e ria t

U and- to the lrm-ft4
cain tr~ructstostt a ron, ol the dc- the vcm-c tOI (as race NwM theo Lll-gicale vsalu.s,



Overshoot. The ratio of the orertrave fA d Uz poiter', or indicating meano, Mma firit
the indicator beyonad a new otesidy deflection come to APP~arent "eat in its new poWiton..
to the change In steady deflection when a new
constant value of tha measured q~untity 1z, Miltary Ipecificain whitch set MamdMUM
suddettly applied. The ovortrave, amfdflectioa limIts to the response time, in general, reqiirv
are determined in angular mn&- urev and th the value to be not over 2 to 3 oecords de-
aorshoot is uouallyepresed a apercentage. panding upon the typ o instrument involvvd,

Since, in wwo WLn~.ments, tha repsinc
Note: Stoco, In rome Jnstrurnento, rath tlia~ &~ponds cc tloi magnitudo 01 the do5-
deed nth antdeo h aelcin flection, a valuo corresponding to an InitIAl
value corresponding to "n initial dlee &dbotion from zero to end mcae Is is-ed W~
from zero to full scale is used in deterraininag-iinth sonetm fou-

theoveahot fi~ ail~ ~pose@, The POinter Is at 2pparent rcst wteu

D)ampigFac. The ratio of th% eeit s It remains within a range on either side of

Of the pointer In (the first) tvv itsfinspoitoneqaltove
-swings (in thq same direction) froz the Poei- r-nrai.
ion of equilibrium, the greater (first) dia

tion being divided bry tha lesser (seton. The Remponso time involves both damping arA
apeed of action. The Ingtrument desigoerdaviations are exporessed in "ngular mawsure. conSider, reopme time W ter-ms of the

Where military apecifications szet limits to ntrliinpiproio h iigsse
tedamping factor, the value variea from 1.5 naul m mpAirodcthmvn wa

to 1.5 maimum dependin oor. the typg of ~o aui~
instrument. na actcal sens, a short. response time

makeu rapid indication possile n sg
Note ~lnce Insomeineiumnts I~ada~pL' orlly dediable.,- It io b~eat obtainod i- a
facir dpens oen iu~me~ihxc ~Ingtrument by having an ove.rahoot of I'-x-

deflection, It is ineazered as ttie raItio Iq
aIngular denre*5 of lf sDAl-4 fljj than 20 pteent; d-c mechanvisms can geix-

diffrene b~we~ maimu ar~iam~. rully be designied wxith an optimum of 5 to
mentary d.-flection and s~eady avgulxsddic 10 percent overahot Othr typo af mech-
lion prouced by a odd-ep i-rcaton of a anisois are lesso re-Adlly damped and .9 damp-

4 crotant electric power. The dAwpLA C feElr Ing factor of 1.5 ndnimwnLL, equ:1l to An over*-
epeciledeh~Ube dterb~d ith tihoot of 67 !r5rcvnt ia usually allowed m~

coovh~nt elettrIc l'owvr app'licd W carry th ironi vane a-c instrustepts. Thin in permitted
pointer to toil-eci. defieclion m~ tO t1bcu14in nths nrrmiisms

ih b ,ato tP -Ino-
meat aM It iiadxl acca~rlvo oi. be obtained by zwxllia"ry mana, cauch -as a

dampng anein an, ir chamber or in m
For pratctical p-poe-as. the dw-ing nfacterx pxae~lltdmgei ytm

iW simply the reciprocal.T of tUm c;rershoe.
4Th At t53, if, Sly, 10 Volta !A WU~jtCnly Pan-i * ihsed reuulyolta

only on special orde.r. They are Coxtly toinitially applied to a 15-volt inltflIumenl, a."l ndtk or oianttos
the needle kicks up to i1 volts on Ito firat Sn- h1QOCl ~'l ~IWtd1tOOdteflection, this is an oversho o 1/1 Of IUnoteee aeyfllwtemto

f',I deflection, or 10 percent; and the drmp- ofanralntrm t x trvyIdx-
lug factor is 1W. If the eady vo~n~ alrtady ce inlslrumenats aeslo ue s
Lqn the instrument lind been ii Tolltaa ard then ctnglutrnn.I 5 olt inre ~d ben ppLoo 0 tht te Lw-seedheavily damp-d Instriunexits are

now iea' deleciona1~an bcoms 10'col, v.aluabln wheri rapidly fluc lusting voltsigeathe oversluxA (assumlinlg thl Dr-Cedle 2grcarn ms e niatd hear
kIck3 up to 11 vols)ovuld have beren 1/5, or rcret utb niae.Te r

muort co 15y than standard typcs atnd are20 porcont. and the damphig factor wxmild havo only inaiy The V11 meter usedbeeni 5. On d-c InistrunlentB bwlng z Mnifor '1 nscle th vrho aybetinbtse :n broadcasting mninlorin4, is o ily woderatelv
ncal!, he ver91w);twaybe ~ken btwz nn Slow; Itza rcvjxamee timle is 0.3 &econds wliany two points; lon-ever, If tho qcale In non- an oyrshcx cl I to 1.6 pefrcent.

linear it Is best if ove rahoot r a.aur-matz

are ~ ~ ~ ~ ~ Ii taM rm cl emch ped of at. Inetuent may be spec-
tMld by callin., for a gilven response) time,

Resy-onse, Tn's. The timie rrqviretd after uaiyWi~m -.I .- opriate tolerpuice ol 10
an r rpt7a8 occurred In the rncas- percenit. and ax damping factor or pe rcent

ox-ed quant(Ity to a new constant ralue itii overatoot. Thesec two items will Coinpletily
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lNg-sAlen-n~ lnuety-mto limited bcsod

nlsad hey as& geio ga gCiivtoot

thew, lag-Seeale insftaioetior amo rad-

370 lncntiayoe ecmclbe x=1, n ft
moynto Wit h31wS-re Mzncul b a genera1
ihmongco11 11nmtrhuot are althcur
oley or aeiai rtfLetouwerthd-

flj. S-- Rlain arA sprL-g-cutioned V-Jewcl
to am~io -wsroeA bearings: (A) Ring end end atone

Jewiel bearing, (B) V-jewel bearing. anid (C)
to aback and vibration oni I tho ?pnl type,
to Iacting ina 'nggednoss. Ka sornic specia

73h~oInt the large o itcbtosed tp
dvlodpriririly for a-ata dptnf dbeoeWhta

z~st roe &czace ofcb butle rdtIi mltmee

hAU-e zgcai cicis by b10-neobing ee it sto-a

w~ es i'EW~nrp sutz or ircla, the mililvoitmer aealltmret be

B-llA ~v" o 01e t0o rsr ireck current rnnguacr a roh an ; for monitoringby
.th maoa re nonode ty4s bone rneos purpose Atol ho&cde bcus il

areuse fo plte urr't eusareit~. nc31ro in. hat ch a n e je torm a4rilvl
iltlcreoninietero, avail~ble no memo 2 miro spetwie rei co onfuthern oven tg

ampees ullanne, rieuse es ndiatos i tt r alaceruU i b oing n taken ntcm-
nuclear rdto A icte nstrub en onrs to'aflen no temper Jatu-reg compo nto o

Ao oexter . for irect crn crraeintg QMf ejPaigaiiwA~ce fstrmdrir

Tbonsitie mtUamotiertW-, 6=49il Io a7ou3e LulleMii?

rnpr volt ull Eale, for u toMv SIfl ots inlgbsrw okn~ ., ~or nt c
ranges, usdato nuto lme3ersn i~trr radioeifr cmopmtla

"2'.-Cle withlnter A-R-22 ~llotetr =a

triansmitters, for example, require external

orating froma a ih-onmocoupia -ra uirNI A
temperature ind iors. An e rair:4o ia a Ar s~aictrical them em eter for oqhtas aes

sp~cdcopegatohen - form Od a nlega-
tire- t-emperatulre coofficlcnt cArbon- rockior
may be includied in Lhoirrucsl

Wicausoa of the large number &T ranag
'1~ ~ ~ the YLntmight be selectvd for military nemn si,& '

of the Speciliationi give pmreforrena ratg5v., ( .,

which rflhouid zlwiayo, ho ued. Mmranycll
cally, Military Spocificatlcei M.-10304 their tbhe

ragos a-e 31x55n in Tzblfe 5-LPcsed.frI
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Table S'1-Prolnr Hangoo-Ai &4d te MntemI ~Applito to 2-9/1- and i/2I'-ot a
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Naotro ro O) rvsmmotor ellevolsl vvme

cx~zj L-i 0a2 n-it 0-10,0--I'Der C'.-J , 04400,meor ar0-508oc aj Mn

I Ik-- whvainthe irs tranie iBran in a for Boi flclcr off cpoppee rlprcii

1 .. ~ 0- enInadllvincte.Mllmmt. n moly, aMtlivlorsi ae on:4de reqicred
~dcoanatea, dt zJ-nt'J aaneatc pen nt a dema ch e anti-n

tue an ~ o milv itanctere, r tindn gemyq aillt rctonla-teahl i ae
it Ane ope~aiorand thodd aey e acur- 'oa oprauecagso 0

urxe whoe the raqu!r-Nmora in eantifor But1' w Uxa sayadd- upi to- roverniiu Iscnt1
'1 ' ;niils'otxneer to ehntad crea an op in-itniter t empe aco istrade-d nr

&:otoropeyadtr t r o a for i a ciraNt fmpehapm to bIno aVtmetr, w to tdry
4 ox dc'ait. probem on whor hi r acccy i reqitred

a - toI)- aW-eed nire omli~ed ro oat -teni apnr etrmee, s ein reri td
c-enapesaien offui.voituwmh to thn rezt0ev r V11.p~ro tdrc4-I o cwecl

Uraes a much zer topratureo ckMoefcn to Ohters alnd a "Itance seterery

rn-nlng ceoil , o l h nlvoltmcter e-o r am, anw bitnnntr. estaco is addedn to thelo
ceiw e oa temperatu to u acntfra P-cang forhnin fLHan dflbina voteater nd a dr

1 - of10 0.Where -tiletempeature xcursonn il radycl atx- raohrsae

are tobXxetd oecmlctdpo fdcvlaei lcdi om ihI
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WZZ in= et r-eeal available onl iron vane instriurent lot so com'pesatfd.

Aatenmnlg-trssaetp&Me Figre 3-8(8) ahows the resu of COMna-
Wre used for indicating the voltage and cva- O3at~ng a conventional !ran van"e voltmeer. (1) ft
rent exhuliag in a-e pacer ysm eiain. genera, the p " conpene frqnc IsOWrral in SrMAt etpnJr abut 250P cyciss for iron vane and a ectrs-

- dynomotee Inatnanenta of PAl types.
fron vam ainsaeer:D and mllllainmetaz =ve

QOaiject to a email frequency eor te Where a voltmeter io ordered for a supeclke

X B-.s beb .eere in th Iro> aae .En instrument which will bo within its gwarfntm
celves which will produce ap adtional m over a frequency range Of fronm 10 percent
Dce reaction Wo that produced by ths V= below to 10 percent aiters the frquency
(@q the main coiL flue effect upGOn aeur As Opefied and the instrument may or- may Uet
nvwdl, however, and roughly of the order of I Includo a compensation network dopettdln#
veAreut at 1000 cycles. Note tha the indeithv on M,,, basic design. Irou mane Instruments

OP acroes an ammeter will become Urge designed and adjusted for use on 60, 400, a
04 the highor frequencieo. For example9 ami- t-)GO are listed in the several ailitary ispec!-

'P ' =P ammeter od tho portable type, hariug a ficatione; inatruments adjusted for other Ire-_
raifl inductance of approximately 0.02 r*, quencies9 up to 1200 Cycles are readily avai-

I 1~bas an Impedance of 1.25 ohms at Re& g ble.
cycles The drop at B amp io then 21 t eur&tomaue 0 ardl

volt, rquhng 3 vot-ap fo ful-snds at several different freqweciet;n usualy
(Mo.'4n I iZ acnr Lqmrumentn may retm ho otained on spocial order. Becanre they

waaammoter reqntrea a lag amarri of require a rather complex frequency c-on>
oftmctva ivr a th, hgh rgerfemnw, poneatica network, they are ganorally Mevo

I~ ~ m mtay iv po er at i highert poe frejTrs expensve than intstruments ndjutod for a
iz~xd wy atori~y ffet th cleti ~B Single freqUency. Portable Insfruengs of
~cbc itlitplacd 'o tat fr hO(WOt3 higher accuracy for ground 11se or laborntory

rntzch over 2500 cycles the thernio wn- tetnirseeal valbecvrn ra

frequency eiwno,4 - An iron vaine vwltnietnr, baJya atilhi-
a ubjet not ony to the ire ccy anreri jkzo to c kly corrents in tiva lr;. vaae"i aira

4 lgae to the fad Ita t poanc r-AcM.gull LXL -

thuny ot,) dPe higher reqacndaas C1X
"s tirrnt pswothrough w

WithpummnActance In sre -W
Porma cofl the freIquoey for good in.-

ir; mito toperhmas Copq%4
sathouh MAOvarlYs tIh different MP" n

11iret4sinl tla pplies to ichmv(
r~,1 1 se Prtabl wit appropriate lnpacz , -

ftvIejaib adjutted at theo fyegponzy0

5 af1& t PA %rpecillc calibrated freqmracy ~
oth5.r

'requency cohapaoton for the rili~z'ghua- IiAJ _J _

acicharacteristZc of an a-c volitAreer
c.1, berranged an uihown In Fig. t -ij3Q4U1)4

teit, ri s ' arrange A31 0 500 10 0.
j;tereactance of the field coil vaxemas FREQUENCY9 CYCLES PER SECOND

~rlt thereatanc of he aeaFig1. 3-8. Frequency coxnpnsatj(.tic 2a -C
shuned y te eaoetanc isinstrumeragz: (A) Compenisating circuit, (B3) Xr-

siik. M..sXito n diila55 rarn la 6000-hm voltmeter having 0,.-b ig-
ee i n r tin actuing co.c3 az ductrmnce tnd cowpenzate at vrosfeunfyrequency dra. In general, tio arrangemen ties; the curv-es are marked with the parametervlallfr a ion-fold expanalau of 0*e ALM/fo r the comnpecsaed frftqkeancy.
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(I nstxemeato of the moving Magle tffl4 for cu~mate as &oarrbed rnr- a lu
A ,c usa Px mrentioned hero but are raely tgn panel Initrumente- tn aircratA A wodifted

issed ia atreraft. Typified by ah charging V4""-ion, Cwaining szvu lamina to ruta
Iri~catorq on automobiles, they are of limited the flehO 13 somet~imes used for Formr Me-1s-
a ccuracy,~ reqptire coaidrable enirLy for urements in aici - pw yt
operatiog, nnd aye jatifte ly ainmv the a"dn of fxoU W thbe field *x'Mur V

fc~dlater. duce ~bac aceuraCy, W.eVer, -uTA the.
!~lecto~"'nmoineer. Tis ~iacture tena to L~ rather cai W) comyli-
Sletroynamomter Ths tx o meh- cated side. Generallytheel1c rodyanmoineter

aniemconsistsoa a moving coil rotaing in type of zehnnism is liMIted to UMi in th*.
the magnetic field produced by a set of fxed laboratzy and occautenally for groa" cnd
coila. FIguro 3-9 shows Uhe general sUvcture, field tegtnag.
The oparating torque tending to rotae tht)
pointer agn.Ae the contzol springff to pro-. Tbermcamreeters. Tbese lnobtxments are I
portional to the odut of the currents in omployeT An th measurement ol hdghdr.- j
the moving and fixed coils. The -zt Im.. quoncy currents, geiierally abovre 100ke They~
prtant uae of the electrodynamometer ineci- ccusist essentially cil a d-c ImAim l. t and a
anlem io ao a wattmeter where the msIn cur- thermceleinent. The thrmoeent to ocws
mant flown through the fixed coils directly and in Fig. -3-16(A) and schematically iin Mg.
a small current Proportional to and derived 3-10(B). The high-fraquency cirest pusing
from the voltape Down through the moving through th heater between the tenninae Ebds

oi.(See Fig. 3-0). The pointer thue indlcatev n Its h eprtr ftecne
tho lu-phase produc of the two, or watti. paint S. The4 temporviare ine of psirt J over

that of the termin "I, is Practically a prrj

=nd connocted in sarion with the moving coil thermocouple of tuo CAueir41inr MOWNs piati-
and nppropriate corieis resistance,., an cecto-~ac nu m nickel for ctmple, io weldnd to the
dynamometer voltmeter results. Rt automat- canter point of the Laater and, became of t
Ically in cainea tx-co rm values. Such inctmu- tompamtam difrerc between' th3 center
mcnts In 0ox laboratory typo of 1/4 percent of pont ok the heaater rA the dnds of the e4eixphi.
fl.-3calo ncctuaxcy, are nocesary for p-ec.-~ a (the nonelectric) ve toge is gena ", which
Aon calibratiou and tent. Electrodynamoinater ib proportional to ti ~tr4trne
voltmeters anid watixueterei may be frequancy- Thic voltage la applied directly to a NU

copesao In a manner similar to ix-oc nno ehns ihafllsaesniiiy
voltmetern, Ammotera are Mllarly made abent 12 MVw and the ScAle to thou zr:e In
but unually with aporion of the current shunted term5 of- the main curent throug tbe : U
around the rooving coiL Altho'2gh tA ovee~ efficency of tbl

percomce oent, the 1o, eAetvt of iM d-
niachaniami is 0o high thA a ver;' Salactoxy

~ shout I wuti for a 5-xunp full-kscale taotru-

Canbog Bphi ieauce of the iggh temyeratura nt wnlch
- . .~.tho hvator opnrateg' Ai must be Mnrdc cof a

-~ - alloys. -cue th ntyueruhmre riw-gnz the

and -1 100 percent overiopd In liely todxaniga

lieo thernomometar io the only typo v4 direct
reading Inntrument suitable fr r-1 carxrents
and ia u3Aedel for inasurig rntnna

current In radio oqui~pnent od all typea. Eo--
ever rie wi~n thnpa b tr, ans offered
byy raome mkr the skin effect of high

frequelncy curnaC~Mis into play tnd atd
rIFI.3 -9. 131cetrodyntze tetranhClnimt 9ow 100 M~3c geni sn Inniruent may bi in error
bn4 r1CAVY MM~' coi, MWn wlrx' moving coil, andf by 5 per-cent. Therefore, thormo~rnnieter;S
air am 14 w'a are not te m u hom- &0 Mc. Ih tis

4~



p -hap~ 90~ percent of the optimur. AXthawA
pommnunw ana silicon i 4odes are wore pegt-

7 fed?' curxrent rectifiers than the copper od
A . yra, their inherent realstanco lahhgher.Vl1%w4
Afor beat fficiency, as in the VU mete"aa

0 oaiwde ramaina tha preferred typ. Figure 342i
shoiva a typical copper o4ide rectIfier =i1t a
UCSS In measurlng instruments.

To iadicalrrg mecanism case ed the re4q. . eient for very rsM*f
To idictingmecan~c ias la thD rec1!le 'AA to maintain reaam-

ably high-current density, rectifiers for use in
Wnrmento are usually cesidered a ape-
chlly item and are particuarly processed for
tid n we. Conventional rectifiers of largcr

(B) C -a Aill usually show very low efteiency
whon ojperatad at very low levels. ParmaneneG

%F of =otact in also a problem, and one maker
B gold-qpUttra both surfaces of amaill diskz to

24. .'0. Tiermclenwnt as used In a r-f gv oo~l~~cnat
ammeter: (A) Physical I .(A Lgura 3-.13 showa typical d-c character-
Schematic dinrma ist~co of small disks as psocessed for Intrtre-

mont re,,'Wlers; the largest disk beata
9l cosetaant & the thqrxnsld converters in ther m mahxaite013ic Ialmn

lnsximeato io about 0.2 oecond and they Vil ratsd at 2 inn, and the smalleat Mohk at I
obe damizged by heavy ohort poise3 ntng mr z. MV2I d iek Al atand twivo the rangZ

.1 4 he-nier tban a low anunene buk vill unually 'be either broken 1,man ov
mate~aly dgrnde J four times their rate

*Thermal Wattmeter. Figure 3-11 rchews a curroite
chema~to arrangement Abueraby twio thornmo-
elements ;-Ath inaulatoed tbearxocouploo c~ Waveformn Er~rrs. When an alternatingvot-.
be used to give jan oupat in millivolts pro- ajWor ~"Z iiF n to be rmoastred, thie cf-
portlonal to true power. With more compki- fectivo or root- mean-equare (rina) vau lo
catedcrcutry, thrnipoer covertera exl atd hst tho valu:e ncez: fe

power 1InmrmenL. voltE &c of gool aine-wave form, for eriwple,

If, at a gives Instant, the curront from the ___________________

scandary (It the curront hranefernier 1B that
ofw theain arrowsj, and the direction of the

c rant in the piontialI cirvit Is that og thi Oa'~ ~ Lo
flaggetd arrows, the3n the heating effect at A

4is a tunction of the mun ol thece two current;
and the heqalng efic-ct it J3 Is the differentce.

ii inco tlia afng effect in piovortiocal to
1. ,the squaro of tIi. -irrents Involved, iad slace .

the outiputB at A and B are connectod In M~-
-position, ilhe towalpential developed acrloen
the Inctrumnt will be the differnce of the
oQuared currents at thoe- t"o POO -A

Recif~r~JInstnunnt. T1hese Inetra-
mento ud ze coppor oxdi~edry -diak mxct-

tiers so thant a typocaJ PMtkIC Lechwiism can
be calibrated to read altornating cu'r-~t 7
retifier c-an be very amail rio thuf at A Fi Vg. 3l-11, fic ncatix dlaa;rax of 12au a

' fox e.ampl o, It as qwratin, at good otficlawy, WMa'tT l.



cent blgx.

to coseder the Y;Aci of direct cvntadnudrms
altareatng carr2 bo the a nytt

"'V a~ budgz rectifer, and the curvec of Fg. 0-14
indicate the Fpproach to a inavimuam rato d'

-fl 0.9 at the salad oaua'e-nt Isreic. Note "la Qda
'Al. a somewhat lower ratio fapplies at lower c&-

rents. Thio etewy means that £ reeter-
typ kwsirmet TMl have t liea aecramfped
ats loveG.r PMOro be ausn there to not

- -a fixed pyv mlty boiteun LWe Rnq and
__________output. Thor4z~o, fte most efficient rect-

fier for the eraAs rating of the hsnsioeu
in question &caild be csslected so that the
least amotmt df ihn Ra l exio oAmts ever
the sealo raaga

IFig. S-lI. Typical copper oxido txdge mecU- 0.2030 do
Ansembiy of cliaks, (B) Dirha Esaika In batu.- 0 .60 0. N 30 in. disk
lIRI housn, (C) llllanuueter, fPO Voltinetor, -4~
and (Et) DB and VI) Circuit 0.0 in dk*7~

0.40 _ _Iis rectified andi applied to a 1(10volt i- 0.001 0.31 0.8 10O 0
aster, the average valum oq W welto VIA3 ACRN, it
ba read even ftough t rraezl lamI sil
100 volts. Actua pr'actlco Is to aijuca t 71' 5-16, aRt n O-cc- curs t4-fe-
calibratiai of any rocttler-yps b~~xm. IWAig cr-lI atmctp rdsre.

ofie- aur rasiaiev for= YYei-&rs

j.ttil 15_020t1&tvnlflicftrM O-

thatse tigh e -10 t owsruilatO O
Q4V ~ ~ ~ C Tier-typ inJ6-4f3t-f eaoj. The cramplag ofU

.. t -fe V.n prwai toe theth

2 /r~ atW a vlu 91 thWce of a ts .- w
4 .fa inst unt the 5 axtei a tworNpiagti

IL c9o the order al I megolini sakas the notifier.
- rtrnhytaneti chaufge nt-gllgible in proparilco to

0 of0 0 .40

Fig.~~~I 3-Is-t-d P-Ccx alrcolie teso

-OL -0. -- -0. -- 10 0 2O30

V4m51-j -om d4 ftat-.tM?

"* '~V;.- -E V p.\MM



_O- CV0LTS A edlr" zr mzsn a euced
atwASbvsdoe5 and Mbm. M prefer-

24ably not beusd above 43CWw W energy
taken by irco-vnn typer, 7xecAcd their
use. in geera4 rectifir-yp inruniest
merre their grese use~uaoss Iiaoauring

* I a-f outlxftuuheye tbg MAg mseiivity and

r 'dJ~C Yre uno Erro. Rtectier sites have
elvs y minor frequency en'orsrathe power

* frequency rauge. Inu the &-9 znQs, cae amW
'. assume an avenge drop ta readinxg odI per-

* f cant per tIoWfl cycles Ins stanad mtre-
1. ~~~~~~~~~meats; fetnyorectnnlothw

t~ever 1, can be supizd to elimiate aluorzt all

?l.3-15. Typical scales for higb- Me "*o e ti a eroung n.
votg n o-voltage rectilor meat exs,2&3 s hs co* dIrectly

Inst cments.by the expas1cm of a hoated whi or utrtl)1

or operated by tMe bonding of a heate WometAl
typo tnntrumcnt. However, for a-f measuire- Howerve' they are rarely found Ln

Amoats vhlch have random-wave form, the Ao" Glcimk OqjAPM
error tos %mall and the rectifier typo ol
atrument in accepted for all moasurenscats TIb sumnuixi tho onwler c' zewn: The

09o the level of voie-9mnqoonoy cireulta. Por precautios cited here lo t&A the es'ghwvor
powr zveoxrsare rly ohould deton. la the timv pund pel'at cha-

A0s1 o poor nu to give errors of more than a eTo! acterlatice od tdo voltage to bza wmeazod and
percent, Arrangd as a milLlammeter, shunted then select the neter moat Z!rc Ci maw-
and fed from a current transformier, th? Uia-g the voe 4t3 a WAmWnknma4ero
rectifier moter mkes a fairly satIsfactory contributes by the meter. 'Me dynamic ecircuit

* ' ammeter aliotgh n-cob a combination I lss pzculartites int be rnafthed t0 Me eayabAl-
ueed than the iron vane typo mentioedypr- ties oi the roeA appreprli~c aackvu tD provide
Viously. the degree cZ saisuromel accrac zdsaAt

F j: ~to the fua~nctr swed for 0 O mrnch
Temapraturerroro. bn retifor metera

theg no rroro tend to larImge, uince temper-
f~ ] ture and curront denr-ity in the rettlPilr +5

affect both th, rectifier' reoistance and ia-s-
ficatloit efficiency. It is possible to partially 0

Inhgeaoradhowever, tomparahre effecso w -_

0 c), and motorsl aa arlyto ede forgtos al
temperatiuro extremes (below 0 C and abovey-I -a

temperatures. Wo rmation en dqy-dWfr roct- -? 5-}-- - 5
tier"i ma^y be found In Chapter Ilot thle I I

* ~volume. e-0 1 ids n fidt-r_
Su 5 Indicae$ liiar_

To indicate the' ImagnitUd C1 the tempor- i -

- ~ture errors that may exdst, such errors, ur -3
they apply to a typic'; 150-volt tnatrunaat -30-10 0 -1-1 20 30 40 50 6Otaking I ma ful ocale, are plo/ted to Fig.
3-x6. %tchx an tnatrumwe-t Iis qidire useful beilow TIEMPERATURZE. DEG C
about 410 C; but If operated above ecjrh ntem- ~ tu ur o~~t s~~s-r

VK.peratre, conridorable errors way devolop. al typical recviqcr roltwtetcre fsxNe tLO
Temporaturt orrore for te agswl volts; 1000 cteu pe~r I-Olt) win: 15 Vend 10 Volns
f oo different curves bAv' cAih st b large -pe blow 215 C, -fa ba1, a rssia I

* Kat tbsa higher temperaftu; and, In generl low, rand sbovca 35 C tin naitiV Is k

A ~ 125
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atlo indicators, dean not metiure Oiectica a% cit~
O ianiies asVouh,:l0 n tho cacoe in the ~ ttnowbdG"

&nstruxncnt Indicate the ratio cd tmoeurrnt4
allhth the scalo ItWaif ic usually mvtkei
iq trqui other terms.

The permwnt-meaet dual-morng-cotI bu*M~4
ratio indicator is made In seve.ral formso, one
of which idicaWte n Fig. 3-17. The "in.

rmoving coils ar iil au: nopst
Bides ofa cmo axis and move in an eeC
centric airgap. Current Io fed to the coils

0 thronugh fine faxneun *wich have practically
nocontrol torquae. When conneced as shWn,44 the coil carrying the greeter current moves3 downward into a lest; dense magnetic field,

while the coil with lessn cqrrent moves into a
x sarnger field umlil tha two forces bahwne. BlyP

its pogition the Pointer thus intlcatea the cur-
j ~rent ma, which Is in turn, Invergely pt

portliowa to the ratio c-, fth reclotAace og th-3

.3ohms, or, If 5I Is a retorm Wll), the szcle
may be malted in cqufroklC-nt tomperatro,
(&3 Fig. 3418.) Using a resiotor bulb cot.

tnigalangth o U161401 wire having a o
A~te 4no C 0 oasc 5Ctk h ratio -it, 13-1. flceato : baib for .emp ra~ue

of tb-s current, thro tWi bulb ged Wi n mflnutyr*cfl (top) &nd circuit tor tan-
nominAl battery srolt ,IV, to fbacurrvontthroupa paraircs- ~ se

a fixe-,d anditxprtre4~a~n rcsoir

rzeet 1/2l porit or atgsaCr tmo raiiA

wontrs abe, a" ma~de hut Mge eessential ps-in-
cPl1 Is li a ZtWI3, tha is, the -CO iPMVit
co stmvturo Memvoa to a po-Aitloa wliero tto-

motor Io tOW it will opernte correty aw-1
incicate a rrsalzaz-o rato practicAly in-

tb rzu tin iL-a Lattay vetayc:

[7 A variation ol thi typo eg mrncluiama tar

r useduon pow~aer-atro he U Inap or Ine

permneMctrnctrato rttu alti hnneto toing 1t do noil aea as tco Intr-

clrt&I m vtsla noyrfatro intnueikn. ezor i
poe Cjcoto orvxo nl

Ti, -1, c4-ma~cdigwaofd-c ul oHbMWtr
pemnI zmirtnrce lz h.ev -clg u4d A p~a i tw nAtr
I.0i ora nti"e~~n

I'2



Anothoc? type o2 d~ie tvf mc~r wad to a

rotating iron vane. The coft iron 'ra, 0op a
abort peinaane.A magnet, will aline~4 CA

- he X-mt~da the two fio1& pM4=iCcA by Q&h
coils so that, ia emnoe this structum again kl-'r,. Ot
is an indtcator of the rto of two olec~'I
currents. Figuze 3-19 showcssconstructimn
Since the strength of thz field produced~ by T~
the colls Is only mnoderato, It Is moat im-
Portnnt that this type of luechatmf be youPvo
Labioldd. Frequently a Permalloy or XMtmist
cup f j uscd *i &±

_______ Coe nRC ai oo PmfiaI

uaed as a frequncy indicator. If owo oft
coils Is cowiacted to ths a-c line thxme-h a 11& 3-19. Cnoaf-od col un s
capacitor kmd tlhs other fterugh an inzlo, rkteo ia fr
the ratio of the currenlti thrughi the two collo
rWil bo- i funclcw of frouency. Thim, Uro
type of inerument cqn havv W3~ g{eaio maked ~tnl 4Ycno ~r. ~
in cycles per aacond and form ono immtr~nt th rccad Mitereia Is ol good qualJity, not over-

typ offro moor.~eFig. . sresgc4, 4411il nel cryLaollize and fall1 An
uc, hai reed-type frequency meter is varr

In Fig. 8-20 and afro fog, a freqtwn~j cto ufie'i ao zu &ade in 4,,,aJ1 eizes for
hr-Mag a m'aws Cd 56- .4 cycles at IM-i25 Sae i icntnn SeFr -21.) How~-

I'velta, Ui culto d is~ 3.3 mf "d M3 ov-r, wny mechalnical vlbratle- ylcked tip b7
inductanco is aiout 4 hanrys. Tha induimce ~ I rretwihhiin ob fi-
io a ionz-cored chnke r-ith an &e4Im3LSb1O eezske 1rcquncy Pz one of tbl reixde will causo
aixgnp iongfor zome ndjustment each thatitred to vibrate and inay give x flz4n
A&d of th2 nominal 4-henry vizltie, for ob>-
taining the balazco roquired to p'oteeOo kn&

wanted acale. Thie crcit In rewz e-nthrfe~eo arrageit la dcua. e

aboves dia rg-el colne to ctoilw r- sinsadadPM n~~r- cwie y

incanrato )cffy mdrtb~ lnetrwnone m n ther anetrly~bralo grpxc

of ~ ~ ~ v irqnnc mte uo a group of vibratw

Mro Oxcited by ZP 2djacent elecch-iapet
corn'xc;e to the hi. IRach ro A Is tunod to

ba cmployed. The3 xeed In tino with the Line
frequency will vibrate withconslderahle aMcpU -
tudt, while irnrnodlato17 aidlacent reweds *ill
vibrato pei-h,,ps half "- rmch. With the cod
of the reeod painwod white and vizblo throujli

%the Inniront window,a long Unt 1znlndi- ierOoxl 1 cycles. The reatnLnjfreodaropraWcaly t . col i conertecle to th-t s-c ane thre,,~h
otati.mry. imilarly, at 400 cycles reeda a vw-1r adOctite o r L-oUi'ho
may be tuned every .2 or 5 cycles ceb aIde ntr



lair wnnn LnicyAoro x",~ uted at times for'4 A~t~v.Kt rlar pmyoneo, tre the roving sysnn
~~ Carrieo an Iron vane and is controlled4 bjy E

cjlgor by anl amulary rat urant throama m adjaent coil moro tspcintew
'~~ u-cl serves to indicate a f"' -tion. Thi inov

it1z.lgvn aim-may be a magait hoeR, line,

A. 3W CYLE e a suring poeltic-a or ftrviiol ndicatoru
VI, 2cswe thvo Aurenwent is for an Pccerzey

simplfied to be conidered JW tho categor

r ig. 3 21.; 11bi tIng reod frequony GMi A wo PUA~ nT-MINi

Meter (James G, B &I-- Ca")
In the arplition ci elretrical meatsuring

t'-stnmentg to & circuit, the astion &drRes'-I ~Magno-ti sad V'an:e hzne an to whthe, r tha tnAtruinrt is Ilnflueing
-afr-it parforancewr. ha general, cmc-rg ttcsm

Thin tyao eliai obely Dimamet kTesb orgOm1pr
Iby Bin) chargefadiachar , rk indcator in aIn atk- cccid otkvi total circuit energy for raoal

I ~~mobile instrument pninal an~d conMirts cd m t~ya esxmntcrii odtc

gat ped2 iron vane in tin avintic flelcd on 0Ma2, to vnltmotur EbotUM draw loon thma

adja-cent Permnmsn mag30a. A call oX fln 0. flohe scoiiceaista igj

distorts the field odf te permanentA rmaync4 vntor r ta-oi Z0 W 211,0 w per volqt is-1proportlana to the current. Presently wrv7-l- LVo jvectly Safe vhero a.p~ocru. dra-e
able) instruxuentin requiAre som, 30 to C'. 5 ma or morn. Ht the plate circuit drawis less-a

*c N' full-clef elactin, I man thi, Plato current Shoutd be) cvbsesvod to
Airnv- tLero-turtyll ro I. 4

1000 time that ro-quircd In a movkn,, &oi MeenLn ftrei-meiadopnte
In strurnent, and draws about a watt full Plla jato currentl whln Oz- vOltatov Ccanectloa
az againct a few anicrolratto for the roeving to rzi-tb. Teeisi oome azaicvy factor chico sI coil type. The accuracy Is only moactnt-ate 4 ts oerV3 1fatnc I oly a part o tO

4 hysteresis or magnetic L4 in the m-vt c Wn!enrgyles
in usual-ly evident, ca on rrors ol sevem-1

~~--11 Iportent; such trr r o vdn nlor3 In gg eera.rent-measurin! sg rr-'t

I Coil instruments. hz'naca (op at lOtizn 50 mv for cl-cit-

Bocause of U13 Iaurelaily large amov-t 4 5 volta _hnuc nvr a -a cOr-
reqird ad nlyirioato , cults(e, In a circ-uit auppliod by a rinla

ironvan 6- mehensresin iliaryccp. - dry cell), tim drop tlarcogh n a-mmeter or
irent are, geerll m cnfined to mle Iiy atihnam cter at full scale m-,ay be aq muc.1
catoin as discussed In U t zh t nat eica 2-1 3 pearceri of t4e toaad ma~y, in tiara.

Rvtzuneo the cumrren tAn b-y the detvice inl*4 'qrtla y tiso fasout Thus:., the current-
P Postioni or Function Inticators mneaszrnn Instrument actun-lly measures a

1 e'he PDMC versio oat these devices In rtrumcset Ini circu~t Frequenwitly, be-tter recult@

essentially a stripped! axwembly which i:za-y n-ill be obtained In teat work by using a higherit Imm siple ornmaget ith n tttoing rals-a annnotcr at lover resisatance, even
Airon structure s-erving aine an tho mcchnuisce theoga the in,-aing is voll com Bin gcalea

frameo. Intended only to Indecate the parcem-,Oe

indicators oi circuiAt polrty and, Iii aircraft part of th5 circ-uitry, whateaver energy they"
'wlgtionl istruent, opratig wrns; lai is caaidered a part cut the circuit net4-

11aga or am ,Timple OFF-ON inicxer.isrt sa thy wiLl read t&e is current d

v2K



Volt-age L ensij z* long as fty air con- 8 W 7a
nected. it ic good practice to indicato th-*Atotal voltmeter resitance ine aclrcuitdiagram Extor-nal Phunto a-xe red for di rect cwmxroa

part of the net wkan thin will allow for 030Ifo ruggzdised aonoterL al a
more complete circuit analysis. At radio aeinishunts for, rnges of 210 amp MAd
frequency, some care to nee-ded in introducing highe-r. Essentially low-valut resistorn, they
a thermeanuneter ito 9 circuit, pasrtictl.arly are made by soldering or brazing atraw el
at frequencies above 50 Mc. The actual cir- mang-anin into haavy brass terminal Mloes
cuit contour may be changed by the intro- These blocks serve to distilbute the curr,?n

meat Is freqert the boot because it addst% material in a ubniform manner as is necesrnxy7
lesser value of ixwreased circuit length aind for a-=irate results They also Ptrve to ccn-
distributed crttme.L vey the heat losses i the shunt bla&n bac

through the connecting cables or bus liars.
A vltnato erhe onsderd smpl an From these blocks, tke- shunt leads carry th*Alhvl drop-As- toa hem indicating naiwpvlan

a hunt resltaor; a ammoter as a tieries meliteoo b, ndctn wMo-
resfiistor added to lt network. Their effects mtr
can frequently be easiated in thoce terms.

Manganin, an caly ol copper, nickel "-"

t, -te tmpe-rature variatioa, nor
teRectifler,, ctalddnbflr)sibcan nxngunosu 7izacitee

ol heLie urert~a v~lad a odlaio uedv In thelaoroy tro the cuntolf~ ~ ~ ~ ~wt copoen crto th lie. hu it an an Inujoll oe pattndt e nyea
with Its ic'~ r-s~stance o 7500 ohms Ieaed 23nt of'~ high mtiayeirmn cererelg

vtimete iat zac af star ~anled mrtiootnt imtd eig be
amouning t 300 tna,.This alue a as in'~ li 2 land a e o-r. foBte cuse c4ecte asna comrtveise voic a lo noughio reL ice cW tcrafrconcint

In e-n ahtrteID,4 phe, to make n the cnutrs hs tat a eaijadol
'"to at Nmited acorf 7and ohme in I Ouek

ighes eth odute opertio nd o.I o '1 spcfcton ' alar hte volag drat
lntunmct rate cGrOO toul bem In) *0.3lal my. i x_,c din the instA.-

paratunht~ thn beer rcule b teadc

the~t maaueret arelio lessz-t- accrat than k - for15

or1c~:tAo piecs cr1x gear waier teop wil ic
hiha ge l for adeuae Oerti onalsi of the circuu --nito - 51* . v I r al

Ipanceum ctfet cres diodfcton oy the -mld-<1

test pnroceure c JNay he~ arra.gedifum e

IbzaQ moe-ar mr K-c r flr tralg

A cth rider owrg' A tneasr Ie~m rt-a &4, *

nachansru thinsls-nor with rsuch itema,
ais could be iactixte in t-he lnsftr ,unct cnek, a msirr'i;o-cc. -

ismade ol tl by vario( riwctmonnles.tA a 427 rvrls from 1~4-
below, . al.31



jAjAM] IC~ ~nO$
Avail~~e Van; IWI-S- larsCV&O~~lL of 11000 ohmsO pa, cOM (u

~ (See 17g. 3424to C Klagchma) for uric with incammenim bev
~ luga inli.~salo enoftiVity 9at ma i23%At thrJ

AREJ AW 1~ Yh2~___ _ le ferrul n& of thase -egdloera are cLlii

r -- _ __-------'-- that t12 clips must he adeq-dey AUSul1Aed

MSAO~2leakage carrents Which niih para~xl lbs
X's current thwigh the rerlaor. Vken WU

MS~3 ~at the voltage in ace, the ke0.amfgv str9ace
% 0AYO should bo greater than 1000 rgeispar

MURWIt 1000 volts rating of the rselator,

fAv-tIWA Vas"D Or 5110iliisimed (see Fig. 3-10) under tho eubktH- -w off therwm xeterfi, a thermsezlzment Fray be
~ raiacsupplied as an aatexaal aceezri y and placed Al

sodiitfrrectl RMethfe~ec 'ywyre tsr

J umonate th is iri-nwe. aOdIres
A' *coiat bprAted cssniexy gOr gfi e Ld-co og fii-

lug codcor.; irmy t idnin th to-. ccaitvill deie fori appilcatto inp a q

ompx &. g-o ely ze insruqents
Lb.blcksan bck hrughth mjincu- Istua n t Moeter. 'iidre hypave

ISM =P) It wid vriety ktheoy inset *nc-cornzrki be -call-

* f~Iin Yc~tes frl potenal Owvea~v~ do ldhr %b eae jn 1 i unnatovhch ft a
value tht It he accmoate io the ,, Inritre- i conncc~ pm,'e aPpltiCCuGO YA aXOi~

I m~~tet pwrper cterd in es ccsiflor 5 irusab t In o ttandad C Is I.YTndoti

a. tother tylos w o% fidrogh tormik~ cw clibtret 'Redtfi tah.T1 a ba

mul-arin anCmoldHs. Nouipmnt wl vx Juor hig Itnne t rnormrers., ' Le-s arc -

Fig.tc 012 and Tableent potn ton nifth -

lthatpon te aiecolmtae nl 10o inches perform wih high acplcuacya. ia esscori, i-

pKjjo togItorJ4 il)if t

toN -- I.flclamv

A>ilofrrl-eiia- eltr pojAA'"Z fn nnm T. .~ rn . -ba r

2-9 r a. SoFg -3wd boP1atac;si1 -T

11x -Af~ 3'.) 71,.'Y A ' 'A"'' *dltr var In. logt -nn tx.-s hyax oa v.I tlalw
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W51i~ ~ ca i rvl7g.7w4 nf-
-)cl A 0,th0 h lmyvylO VH Ptn'"A rndrov.Pe---ul Cza-

al"w ffalwm suuwlvjxn SMY 1 l OY AO,4gm --ls

' ~ ~ ~ ~ ai 'I.-Lkalt~SI ~tE

highZ- cFAan or vo4.go 2icr as
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Opsa, httos~ti volt, a geR~- aerezin Rts tar -
nawle may Awo to levels dangerou W bc

u~ the operat1or Pnl ed 1W trasaormor INaoulai
4 Thun, current transtormoy aecoaadarleo mvclJb h OP e l Oved, eithar by couneel Rnsitrw

~ fl~ ~IMeaito or by a ehavt LJ A iAM

%~~ d~k -- ri ~Toher iat th oe a i otsa

VP) ~~~particular aIIVbcqUOIUe they ocat nt-he e i r n a nn U-
Wig. -24.Varua thamcglnmntf~ ally of two wiAres oa sl-icsllr meals n'edeM

Motalo use-d are thA n3ickel 2lloY frankly
such ag -lckeouoalua fA one wire aM4

utep-doa', trasformers except that the era nWckel-aluminum for te other, gorig theo

ratio f Isacurately v !!MACSd mid opecil care commercial chromnea-Alurelthrow lo
ls takes kn see that the iron loses are lo, which can be ueed to as high no 2600 F with
trannformers will1 hM needed whor the power use up to 1000 r , an=o4 e-ostn fortK potential In less than 530 voltsuoo7.Fae ie.oanzc coili a

Currezt Transforwer-s. With these- acc-I ~t series, It Is iic~eWJa3iyo riw cables? carry-
Wthe fu Power Cure to112B0g

craft current trenotioriner of thm doughnut or

'flrj2~b" type Tim resin powe r esh-lepqnsonUvough~~ tha ftAgc h t-idwo om
VB0 sidIt rsAil roceive, for eample, 1/125 6m tire
4~~~~mtain porwer cutrront, from very email values jULo~~..e

to the full raigoay 2540 amp. Thus, a cut-

mont OP.?, ralatively sall lead ires C-9
almostC an yscnb Mi. The lintrated

current trans~ornie' iW deignepd for 480-I
cycle se Utt as o~N in Zaircraft, foreape,.C
and wifgc, only for om-lcca- It is, of coarsGe.,
saiefat-OmY toer anly milit'ary uga at that
9rcqLLncSC. SiAmlar currenord n rem fox
50- to 70-cycle military searvice arc some.-

9 ~~what larger, v;eighing from 3 to 10 ounce&.W OA l~
Any eJ thezx will fusrtfiob the secondary cuI24 S
rog4 to seve~rl tustrunientr if desired, th io2 I
number depending on the total fil-scale powevr
In volt-anmpere mequireod by the oeveral hn-

V/hen.3 alternazting curs7-nt frena a pvwert
sore pisres through the primary ol a car- 4

rent trsformer, whether it Is a 1win-ding or
ninjel-turn loop, the transfortner Iron Is kj a netru, ad ower is absorbed froma the 5A~primary and effectively trznsfre t h

secnday.(Sec Fg.3-25(B).) A current in
proportion tothejprlmarycurretflowe7tho h rg.35.() urci rnireetrbh
the s-eondry winding aed tle inetrumente yl ni n D.1 PrLi~ dry

If short cdreuied, If the secondary Is9 left ratio 01 traneonn on t
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It ->s Ra ra-%ed that mfllvelt outpat with moderate dhangesi In bttery' pcontia

k~rence in trd apefAnwte Wtwoen the hot and and to aoine degree in Wn wlitiy aplica-

cold o .ds of the aoy viro e Involved. Fok this tlcoe.
- a'U , thO alloy tinUO r TAMA C o fur

Qamrzoplectnc Murrnersic 'Anw be car- nxbhmeter Geaeratow. m t3nntha-
rAed back in theD kihRticng intuwnt wheh, tmioriil acee5801 uAsed for the mna

lin tuTn, usually caryloo a prcll compeiisating ment og rotational vpeetl. The d-e versi%

the9 anthier temr'Aure indicated on the permanent xnwolfield. Aeqdkpelo with 11
upnto. The czAit of a thermocouple is limited commutator of sdiver or gold alloy to preveot

J"to 10 to 40 mv depxawlng on the alloy and the oidatle;, mid tvii spring-apprtod m~ta
temperature of tha B1 end. As a result large alloy brushes, the output voltage beaaa le
wiyov are desirable In both thermocouple and relation to rotational speed of tha %rmtu ?
counectIng eIw& tO reduca the circuit resis- The unit shioim in Fig. 3-26 generatim~ 6
tance and salow adequate energy to reach the volts per 1000 rpm and may be used wl4,hway
indicat~ng !noUtrueiit. A common ni flitary type appropriate d-c inatranmepat vbwch Can have a.
-af indicating Instrument, used with the chro- aab marked in rpm. An u-c typ Is alw
M e-ahllcv l zutcedaoe Id- made, usually with fixed cogs zand a roltlo j
jupled to 41.3 mv full saale ith tho cold magnet. Again, teotu otg po
ed t 0 G. Voltago drop in the leadn and a portioneJ to ro-lalOwl nrred, antq tco Aa t~oI ugh-izr tonapeni wa for tha cold end reduces frbquency. Havinmg no brueex the, Die la

this Value, mid 'I COMPlete Sbatement of all aoonwhai longer; the acciraey bo;'evor, in
inctoro to rv7i-tdrcd fnr appropriate calibration Gonwa loan3 r'u 010th geaerator W1,2t -

o~ te lstru~on A onebnaton f a herno- used with ar &-c Inetuncr, frequently el the
cou-ple mid axe inalruxent iB known Pw a ?ectifer type.
thermocr-uple pyromter or tho'nOvietor. n

8ito oit tkte loe mia ,uo el energy avAilable, Tcoee eeoooaeC~1
;'h3 device is motu~ieful a'M quit", arent~ vertyp c~l) L mowfating and covviixg to tlha

main nhivft, IAncldmm the SAE ntardard cot:-

4 hefohler ahi 6ec w i; D3 contialiy a drivea PY geaxo or bolt&

a uxnll nount rathe lnviveua Iypts m a ;eroto Oan

;ority olW-11ja 're uuado it a V-14101 doe MAt UgV an instueemxt a uh

of coi~itntn z76,- 'i r adjuntuient. to tho main snhnft. VTbAn gen-it- al voo a
A oendardfor-x el inlitryreiltov I-uib sm:ffl synchrveous mot, or -A ti reunds pehet4

whcic 9a a re-a Itvua qf 100 clinc at 2~C thrcag he-iecanclx.Tun~

:j ehown in F'ig. chrolieus motor In tuen drivex a tped WdI-

nL Ae in ~i-w In k , -1l8. A 7-ei "or

nAd, i cnt 0 cfor enimplo. the zerio ,

;vsitloau f thet- vlziter can alooo n mak ed

to ay0P0 C, th t-idrC 311'Comee 3pnbalaxwed

endicnt ,I ~:~o., the bnttery ptis"-.tial. A,- ~ <
ssumtr.F tri batterv onIx to Iar bin v o4boon
nad.-rdizead, the nuxw defl(ected poinhi~r p-)al- & V

tion canm bo mrzrwd ", . Deflectioar; at -

Intorxm.1iato *Inlts c4nf thc detormitc- hIy
!a' the 'i-reintana~ o eu-

-71xi more comih.-Jon circulta ' rlth a rate
ek-ag previowtily ritd(r,c-ea lvh. Fi, -26. D-C typi tVhrntr mernto- ifo

2-17 and 3-19), th-c ilclcatii ill rot chanezpt . untwthncc1nnIc'p.,

I3

'4 *****"



i~au~i~l~.widely used fa direg- 'ot f ormer of a cozavenleoas type which =aft@
&ixe spzed, Wo~ type ini sonowhaq lea HeiIe the outpit voltage cOnStat at a speeme~

Athan tizo d.- or a-c n eaWe uced with a frequenc7. Whtlo0 this outpu Voltage wini Var

simpl indca~ng2zaUmeatwith fretluepcy, this can be calibinted ino

arane e I co -0tIia ovtr othr wpmr

frequency on a ~ore ~orlm vizdar thc Tedsae a- thAchmtrgnea,_ -

cation io Independent of Votg aiuB c htthe d-c outpxi voltage is determined
rahrthan by the voltage generate&. This

~nd l a tiw meeureof th fritij* dy peed ncy a r a nnearmorte accrae
Migui 3.-21 oews a echamatic arrangc- tp tSedm ren i oea rt

ment og osr ldacrlbed by Saxlth, (2)
Values arec given for a typical1 6G0cyce center "'

of 55 to 60 cycles. The left-'hand inductance Mter accessory dedles may iwclhd poud-
andI capacitance rovonato at a;i tly tli lnm'ecnflng 1'hzostats% Composite &grmea
49 cyclon; the right-~hand network~ resonaleo o Inotrument trasoru and other speil

A A 72 cycloo. At lov frequency, cnrNmt in tM9 ft ngeleoI't apecffcally designed for a
~ ~left-hand notwaokh daminatee aud, at W&ghe? tiIven raVUlroment. Their runillcationa use

.requevncy,, curgevt ,, thj r,,o -hn ct-' ch that it lo A possile lo discutio them
rork bcamnea fth Grats3r. Reatcnce R9 lo or in dafdl.
zfjetod to equalcz tho curron~tr in the tw

edoat ths cantoR, fxoquctncy ol GXi cycles; lGVCTO
no current Mhen lnxi through the Fn .,
four rozd -5U adafuo h

SUlitary Ppcfcatloss
speclic value if! not lIwpott tho7 j be

xgdn qua1 end m~ay ba nboL-t 1000 Phr ah.
The line voltpge, which mxa, VmT L-o 10anres n iU~d o~n nr

to ~ ~ ~ ~ ~ ~ rnu IS panthonhrgiaiggrn* Table 3-4 evv-7s tha adilttry
pa~cif-catln!i covorL,,, ~iLj l ubect as oft

'jrc 1957.

b IT pn AUl r-nent contivl),2 by
RQ!MT13; -- 775A ILt- M-43, rn

WfL-A-10Wiarc dev~naled by the Gyeinm
zhown below (,with minor v=~aloi~

* OI5~~F ~ Motor Style Color ?mil- On~~ ~k

1 ~1e Style I in denilnd by a w-46

sai ometimes Ube flanra sa-PC), tbhe eeceo

digit Identtils the cawe matcrial, degree ot
k~irtype of p.anel for which it i~s can-

br,-tci41 and D2ange shape (L-l-17271i4

Elze, Tho tablc below mbm7'n the daulp &e,
n,&. 3-27. Frequocy 9"r-d'cor ritoor.< uit fo~r the viever". rire con-renpootU7 to 1L .
ix ia rizrgo( < 55 to 60cycleaeotey fvrtenc. firt digit of the atylo.

.,~lag

ii7



DitDiameter (in.) -- -. ~c~c

Cao lp cl. The tblebl, e~i~ Color Identlflcalon. OpeJfica~ions MLIAU
* .t, moinpf th cond digit in tba atylo. OB YA1,4M-D727iA, WdL.'M4103OlA emri2oy

ffie followi~ng color ideallcetiea acheiaa
_______ _____________ AM44~-3823 emplqys "IS" only.

both mag~netic Ad a,=-
mxldtc pameli While dia backgrou" T-lk ma.rwia;

4 - ______-- *Rd pointeT
j jMolded t1hertmosetting D~ Black dial Tmickgrowk wFil irarkh-,

yl.stle or inctal cast, And pointer
~ ~V Fheorescent nmrklw ;n6 plvniltew,

~x' ;~. allbad for~ u~ on black dial iLaciOgrout )d

U-il.7*-5 iRoitn flangv, moded blich dial bilrouzi

niotal Catoa, 9Osdaret

r for irt caa Ot~lCurent. T1ho Madi 0Y cuwrwcl for whichU4i~
________- itu-uxnont in eiatgnod ta lndacaied byl tw

4 ltL-4-03 Rlolded VetiraoAx lottora aj fol1owfi

etIbr&tC-d for Lw04 t21 a_____

55 1L-N--!?flA Rc wfqv-, mod AC AC c 42o-W 315 p
thottnq plantlo of
tmcwa eszo, got~roc .4Z AC G-W) W~ Oczal
oom\ tmnal artlo, twtv A? AC 4002 cps PQM AI

Alt ACRtio r- ry,;U*
______tc ______casc ix

cn aamtm~tc yr=4 ui~1~~cat~d by ilin Inoiii±ti't aa follo-m
'I~m o n a s-a.1 pwal 0.0.

kmtt for ba. V kr-%eI ~~ '~~' J~tA lhirerI ~'a AA

m~oldkod thrruo- Vot

~foc-a~brtcdDU Docibaaia

for tzra on ___________c

g~z-mel ano) 9 tttic

a I 2cro Ctetr. T69 end-gvalo vuiu.-' of gm
_________ins .1 htne'mit a a -mrce r tor off~c m~r



toInictd y w iglUth lette i& Lwean and curreaUy available only tu ',R&1J c*ati-J

digita aae follown: of 1Wtrumants Ey'e:
1. Accraey-s e07cont

D UeAW j.Rgczvots: 5P awde

I ~iia - pereD. 10 EWQWo Xper60 0

j45 1L-1-1OS0A. Covers m- od M I=r-
Thus, In OwhOe above, EX r~uvm meiiiEitt wlange diamieters of 2-1/2,

an Instrumnent 0.5-0-0.5 units@.,,ad41~ nhs n 1ilc ~r
flange. Theaz Anetruniento Qa (Inolgue tO

Zero L~eft. The Al-cao deffeiac~ fo withetani~ iaore sovere slmcki vilaredon, and
rvieters with zer-o at left to il dicato4 by ufree humidity cycling conditions taw CMn be toler..
figures desuigutin the units indlcated; when edbYiz Itrx4*.Thbsl
the full scale ig less tha three fiurs wr chsirscteritics of this grouf df iwdrrnmts
ara Inserted a t M. et to fil (,v4 ttare:
figures. Letter 'S. Diwasa Fbtoia1. to~re t C!(, 2 scg
indicates a decimal polat. Thu. 11 2.'axpnre-toa=.~I
foents 1.5. R Iaget)_v~oltz, 1.5 volts to 30 hv, dc

1.5 volts to 1100 V~oltz, nC (09 400, 801)
Notes on wrntArySRc 1Uo: epo). Aniperoo: 20 mleeamoro to

12 0 amip, de; 10 M,% to MO0 amp, PC
hL--303. h~eepeA~1otiu cm~eily(60, 400, 800 Cps); 100 --m to M a-'lp, rl,

the 1-/111c fe-typo d-C irtl e hov-
Ing arouLW canet of Wt~dimetew r. wi ~th -a
front flange i.'11-nch efpsare. 1WDLe3 mnalli- lL-8? fAFAgec tiala
ritnrunenta do not havo eowuo 3h w rci li~do for 9F nonanal N-Inc I 1no nts gor auvmraf
mich Itomrui ne srte realnior, a -Titz, -. z' 1W inP making si neinsIn 40-c'yc1e

I ~thermoaements, o these accofxivo &~e -c power gyem, Few Iois .o are 1O~n
~~ mrounted W&de.-judently mnd comnnettd tuo k hough reoenc a k~nt to etbov wip-

baaic d-c instoamorit. In kllritm to thel pio,entary sp cicatlin bo Ma ft I 4O imlfi-
-. intornal calibratad dial thie, tye o g . Monts may' ho madc 11Wcal o icrf

mntt has mi externa front plaia,tobeaioimted nw
on the Inatrument, an ubich il. 3ngrv a azt
(tf figures and as cpton applying Nn tho§2GO rfLw163O A pcfctinf- n r-
externval acceonones, Tha bic character- vi_ w fre4queny 'x'etors with a B7,v-
istics of this group~ uf 1ntrummu affi iflC range oCd 380 W 42.0 CYCIOS X1 100 tO 130

1. Accuracy-3 percent vot nafuhtp aelaVi~ig a 3-1/4

2. Dainlg IYator--40 -inch dininater fIsngr.

3. aaic Rangei3 and Their Ume: Mb baac
d-c inotront une withi appmpzot 2zcalr 10'A 'hs sincrr hand ohos'l~ceseonls s~l gW mdi

cations ~ ~ ~ ~ ~ ~ ~ ~ g r-d vls illapr, n npe. nrlrc1u ramontf for the Itation ci
catos 0:1 3000DL, m11.1 o aircraft In arimnientr nnd i~ npnl
Co e RI3Sl OlD MA , u a fr l-3cl usTaltnuernt yb~to i v u hs

cd I ma, A etirailnar center-nm-a Insttnect, u~n &Aine-trunIot vibntlone aba lc ra n Th

aircraft anpd dora POi pmr~rt to mor ar.'
pooes and has 2 full-ocale range of 1-0- ma.blsofeetoe qlneat~tc r
For the rao nnuromerit of i--f LuI-inee nd i-otaodItem lesT veoxsZ
aniporos ith eidcrnal anoesot,~ thin speclflcation pf~rllciv MAL-71~0T.

insrumntwith a1 full-scal valu f 10 msuI
use~d, MR138010DCRAV. There x alrontrvu-
ments for 100 and 50s0 nilcosunprrot? full 1411-S-I1A. Shretta devolopeed for arcraft
scaile, 11n1108IODCUA afid MlUSMtOODCUA esa aro coerod by this ricifleaiimv. Shunt

nipctivoly. These hiter inatnunent ab dimeinslons anid layout are c~la~cvr~

uned directly or with externAl nccessorli au by Standiards M--1586-74J. Tht"~ cover,
may flft a paxticular1 sltjailoa ropecti'ely, eivnt typco MSA, MUD9, and

a? of heseral tairs she-un in -ng. 3-22.
f4lL-hM-1727A, This acvificafien C-yera Thvint extornal shuntsi, with rs'T-ucc of frees

s' -Inh mternee Ina var-y bamltd degrea 30 to 12kJ amap, s-re str-ictly itr~ga~

130 0



k 2. - 4.

3. Q1?L

ULMOO Prsi-t5pe 2-1/2- and 3..1/2-ineb 1. Nr. 2, 30 Cct 10V'5
___________________ 3. Nr. 12, Amend 4, 2 Feb. 1957

ym -m - Iva' I-inch bamrl, W1~elded and 1, Nr. 1, 25 Nov. 1955

iiammratera

WL-M18ne I 1/2-Inch, seskled, panel-mounW4n 1. Nr. 1, 15 M~ar. 15
2 may Inn3 c-c ba~sic meters 2. 20 StpL 1055

S. Nr. 2, 16 IVay Im

WeL-2M-10SOWA Panol typo, rugpdtzed, 1-1/2-dncb 1. Rr. 1, 2 April 1958
27 &PL -46S squaro, 312,3-1/2- and 2. S1 MIfy 1953

____________________c ______________ flush-___________ S._______,_______ 1,_DM"._1957

MIL-M-16034A Switchb mad mnd poriablo 1 . Nr. 1,8 Nov. 1054

2Jan195 2.

W 1-M..10125.A D) F*tency motero, 60 wa 400cp 1.r.12No.13
L.Sbpa cp 1oslo~oow. Kr. 7,12 Nov. 1953

28 Sept. 19512.0cyl _____

WL400 cpa, 2-inch .2.-

99 May 1063 2

13 Aug, 19M. raund 2

W-fL-A-8373 Atmeterg, 400 cpa, 0-250 W .

6 JU175 190S2. -

]3LL-V-657.3A 0-150 volt, 400 cpa 1. -

23 Wi~f 19501. -

_______ ________ S. r. 1, 10 Apr. I53M

W-D~L-A-67b6iA D-C voltrnetar., 60-amv 1. Na% 15 Nov, R951
(ASO) amnwtira .
24 Dec. 1053 k. r. 0, 23 Nov. 19M3

KjdLmlo1A trni 50-mv H1.0twvIt. 1. Ni-. 1, 4 April 195
24 Ari 1H950n 1. 15 Marr. 19515

- ~ 72Tcfio~~fr7Frri 2I1 10 D- 1900

fl.~~~-1-5997A~3 Walto ~n~~tadi~eJ I r. 1, Amr3 M 3 10 Nv 15

IS. July 100, 21bNov. IV

102 iat tI~rAIeio EpeciflcS z Andmtx 1 . ,i o.13

ISZ



mihea vo12sgp &q e 90 mv A ntheir peroent fW tb fft ee aws X t gif1WCrM hi 7 12=11Va~y VLIf Mted curgro±"

zte for Z so WMt panal )ntruMets. inmy be where auch

JAWN.-SV. 'Xdt3 specifleat~enE coverso series poft~ud gromd in .htioiw. They v1 rao

Ui-erent olzds, DAFA, MFB), anti MFC, having went for Mamczing 153 a Piauc.
rang*6 iram 0.6 to 6.0 megohms for vse cai

05to 6.0 fry. The latc givoa~the Corumercil ti
dlxnenono in ome do" ailong with toot
requirements. Thae retlstora ane widely Thera to o domindig linduzfty atwlm

'ZAused for both reulitary nd commercin ap- t American S~tandard for Mo1chU2ea Xrui-
plleadtw. Mi~Ln commoeWa versions exint cating trwMnts9 ASA, C39.1-196&. alace
having v'alues an high an 30 megohms for uze this apeiict~e wav developed by a wrkmn
o 2 30 Lxy. Theec reoistors am wnperior to comuittee repnrt~ng back trgx~sn
awy ogiar type for' voltages over 1000 anI ves from mney p essional mcltiez asqdI
ovon for comwexriAl wor% Tjlwre no apeclfl- trad2 gx-opeM It r.presentv the enPoto
ea'ole reijurom~mt ailota, thess typios are thtnating e a IR~o qntnber oxgen.. P"Ano
d6o~iadn Thair generO Wa for In almmow Inotruod Lq the 1.5-, 2.5-', 3.5- mid M-

In 71. 341Inch flongo C ttrs are ova~ In c io
detail, tho ramnil oize wIth a _ttava

L'tL-R&I-6034P-A ins imaMDgonernlly I&M- flanao only Ani tO l~rger Rotron,
r thea pnnu ypa, vl withn portabe and wt~ianplt ufomtna umev i w a

toalioqg hianiwents, are coverrd by ftid ec- and e ais Iiicii U~ T-1fa WcterA ar e n
fiLcation originRlly norcd by the Navy ffmilarly n12.ad (-inch svlbkt fttr l-
Departneint- Thw awitckboexd inglrmnonte ztrixonts arc chown In their 5Ove- mwil- r
covered are r axilar-front Inatriunei-l.,, ficatimoU, IcnlgwnAtmotort xW pTV"V-

" F:_ inig~y -12 nchn qure rAt lng factor met-ore. Potaleatetd -cm

cowared. Portaiblo Inatrnent.q are ieted in percent, and 2.5 inho for I prat. A %

10he 0.25 percent xcenray clnotA for both a-c "r~c5ut PewttVy ciC= with a LS.-h mi1-
addctpoo and in zarcontry ,ccuracy In=n Mce tn~i loI a ~e ra

class cdf 0.6 pareat for d-c Instrtuments and inntorg an vvfnee2 T1 peifco is
1.75 pearcent for A-C inijirinento. Detals a. oo eomplate thiit It ehc,1d be avabi1~a to n
bD &calo length Sod the effect of vaious in- thCOO Interi'Oeti in ix~yngi~~az
floocca are Haeted ino Ouppliemental apocUft-
Catic3 nhincte. Wince tl ABRA Wefication v'n- Wneo-"

~i-Tcafl7T o inairummonto covorod arv WlattonalI IMkfrlca Lbniuiactinreaj dp.l-

el Vic awitchbovrd and pov-Lblc types for ship Vion, the Uaet Ie- zEian-.

or & ro Dal-tyw M-teraara cvoral fntumro A xQper-tinco Id othera fRctrzor-

ari cofind t W~ra ge.Thoa~z xi kii nefiIsten lAbe arpeto orn e Krkx soor
og.trul-3ma.t cco re coversae byti B l15-5tsosrd yteIE

I (1curay catisthanthoedion xrY oul re- ficedin o . 42,twnn trno. m ,ify d4i
;oM-ed10A t j3 -o for n hpn--'oinrmal _________ joonadrzv rg~ h ny# _=a

forerarlo, hnaae ob 'thn05pr -opc into oln impo Artaco In -"x~ the .lcro~

KCt'rr-et tr-asorxnira ame co, eredi hav- scitk)o, Inc., TOi Ernst 45th m&rnt, k-, York 1'?,
i ratio--mrrar limit o4 0.25, 0.5, mind 0.3 N. Y. Prica $-2-.
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~~ article Witl"Anmerican Standard Pracen.
....... for VoltM1e 09a~a~wf of octrci speec i,.A

am in rerm Wavei& 41Z

C1 o a 0, atcing tralsfo7e~r or, netwoatc to
take care of line IMPedances other than CGVt-
ohms3' Originlly the only valus shomn

26~t I A tyyIcsl wmoloing VU motor typ Ia
ohorna in Fig. 8-28. The tpacificafta cewera
the rquirements for Instr:umet ltalletiem
sitoreby thz dynmic progm ace of all airec

/7 Ki turtnunants avil be basically the same. There
* are no military cpcificzatlons on a VUi water

as such. For military applicatloi t DfB meter

is generally acceptable,

* 1 RIdoer fake to the Mlaster Test Code go? Fig. 3-21- VUitI mete emphlyftie VII

U ~ Ylectnlca1 Moamaents in Power Cinuti,
ADSA No. S52, November 1955, aindL AMiIB
NTfcatin, 5. The Test Code in net n, M tVA cenas ce am advantage; ifmaC_ c7

mcnto for nddng prfomanco teals on equip- tha Interna nu?(;nlc eYctearn. By the ca-wi
wen, andi Ic an eltoctive taext b(; A on Maklnj Dcr thoy =7s affect "mtleldad innrmr-*t

4krW rru a or. a nr' gncttcc'hias in cusproslint Y.
Bgraag or Maiumncr are ucriad occn-

~ % argen'e~ufiatuxng cm~naoo kt~g Ally tiro a noinxagnzflic reel Iis reqaxe
* .2 qo~pmntl tsPecfficatilms, aIlthoughi L"r ManytIsolglit

j . . incen hoy simply lint Vdrep)eal the CZ,3 a int- alth10OUg asam
R lemo in ABA CSD.?' wihSuch Gupplemantaxy VIAlznnura Cures a3-.3 oNIddlwd and finished IQ
mfinihacturo r. Osylatlone from tho reuire- Irhtar~cI1 f12 h3 th COLt a Meta4
ono l - by 11w rttandoni aecificationrie- n t ifclyc bann ea nUeI troiiauy referred to are rare, largely bsecansu "' VA prifficty e -. zre nUW

ol b ointnrceol ,)- t ot ehdardn and beg-
caUseC Opeclel tnotr-unvenats "re oo Org'onsvo

Th ~~~to proc ec6 In 'ja1 quAnitiae, On th L Pieo cssooteete an r wdk
hand, aprelal ordera far instrtimants in qtsan- a.dneaedttifnohcrsre
lily, Involving requiremenats where th spccial carpoiantteicnm nmcasrz
featlren sA11l resuilt in simtplifie-d use of th3 - onocs

osacnedelcroiceuipment, sare clte dtoeeny. Mot oa. , -i nr~tf mo c
acceptable to tho inatrunent manufacturor _ i-x queikl roshe in exvato ri
provided that thepoeol ci ceclal 'coolingj tn~ o
can be wz Itten of byagemntbwca icyyrisyps reue n oinrhi

* the aiteecooceeeci.ionn.a viitLYO ip:orai Is enaminant. Ph,-nec
Ires expand Rand con1trct much more than

.V* R1 .N O pora'ture and tumidity. Theirefore, n-o-called
4 lngla cycL3" ph-3rolIc Y-aine, vblhch exhlbil

In adtedouoo 10 in nuiercsi &as le s-
cusnod up to tIde3 point, still odher factors those ch oIn a miniia degree, a"t Av-
enter Into t-c, final cslectlon of in lnatruint rru orti proe

9 for a given !ob. Borne of the more IiportiAnt
f -cor are dizcr wad below. ____

C-Ase (Ramn aicdowa arc sld-ly uoed and ar
satlrlactoq. Urully hold in pila with a seal-

InrininsontA canoe3 are aiea? UTeither pac-M Ii- ccmp1a!miir a upring ring, th. seal Io
or nictol; voo cazes are utiad ocalenasdly udequate talo-, j xposedi to vido) cthzngoiz lIs

A j for poruable or latboratory inntxutenta. barer-oetric p-.ramsu-Cs slug witth chang6eu iW



I

humidity andtemperature. W4, ehebrxn*MUVl ~ only COis M copa 11n hag@ neve tonedsealod tnotnaients ane reqtr-d, glen viii- much havcvr in electrouic eqipmcut htmcsut*
dows can bQ used with a inetaimgecl 9d6P na of thv cheor difficulty of raa C the ladica-
Soldoeo into the ftafl ca". losa>Ptyf wind-avy nar being Uf d Ea tv, 1 AF=Wti Iiwe than trtl ti.'-

NWAn, if 9ppflprletey coaled wi?33 gackms, up.- inh Size are used only Uhere ttO7 mutt hes
K." 'V apear to be quite saUti r' "!tc~ e~ tadstne hy heoever, WaVe

- dowa, Wbwever, stati charge tend to W'a- ow ae ROin amund eiiuivset Snd aWC usod
up Which may attrath Icp"oitr =ad gAve to a certain extent in toad sole. C

falwt nhcauoo. Anacnttitc treatmri-s -,,I, leroi

ment carrying a plasti window can be readily natng azoradacasiatI
Checkted for stati charg by ralildip ItAXIvw nlr unetsa olae
the face of the Instrlument with a sIlk or Wo0a0cren2n otge(etfertp) -
cloth; if the plasti s antinitatic treated0  -f Curl an otype) andufi altrat rg
the pointer will not renain off zero gor mao ='T's' (thrmoowl " 9 n arai
than a b;z;ond or twoc. This test obould ba e cmrraa.-am (iron vane type) fox u58a on 60, COD,

the Insrum nt l-a id e c ndiion d I a ry 1.5- and 4.5-Ipch Intrumentu availablo &whth e neo nt is dry; be hmlde( in cad 110cce.01lse morac r
ki' I ~~~~~atmosphoro for '29 boors. wht-le piani_ Vin Wccrenadvotg smllasu

scratek ~ ~ ~ ~ ~ ~ i recgtwntaha ~ ya7c-to9 MCY and radio I ",Pnry. they are
scrach0 a as~ly Ea ha ne prved10 i not pgarel 'avlable '13 a-c indnnusntcia problem in it' use partlethirly With tlm rpwrfeuny TeiIc naca

-2 ~~~~~harder formulat'Morw alablo today. irthc -auseonyordrtcrrtenvl-

frequently can ho made nearly jnviaib by An6vial nl o rz ur-i ot

il-yw instrttmenpto wth qsecil canlre.
ThoS VJLIRISA thiim-ef win ram 6 nRmlxnmate fOr the rneaanremcnt of!Ice-

and i/s Inch; 1/10 inCh JO co-MaIc. Th ir qac inluhrloecmonne r
o uld be EAUtif anez to avoid jJ-flwun Re~ktd in their typs.

1nw2ard In pny vonnoal uat. Ordinj*r11y, te"
diotanco betucanl the imer face os tim o u fand the rcale plato will be 1/4 Inch- c, x ~ clsaeds sdIn coMe
IMWiIXUmh ex 0.2 Inch td a mxntmm,0S cltI beas to- cundy atarb

Inch excpt i epclalinatace vtno t '.do of Iantrunrn2t actlov and ranget; for
-?greater dista nca Is regdred for y n ga cl, -elg Fc Iricata

C ais In h impc-wtaut; Rcoin dc a 1.5-, 2.5- or -s Ihil-nch inaiumet
UP paneol or bench xicota, a crmaUlsv al-o "ll beatnn t211Mn;bala~lalt red~n ofthedlvalcu dffiult 'Te nminl lMo citpo or a clmilar in-atwxilcni, but thererea~ngof ~rsdiv~glmidifirut. b- womnnA 21 a diffmerc In ove rall accurac-y. Even?a-inch alto In aaffidaotory for the comma; & ad&iLc har ot

4 2 1 rcent ane L'-zarrce f otdl on arc are boh rated at 2-percenl accuracy in tzawman
DAwt' roa- y rectuclg the mounting flanwoi i :ncti f the Larger inzArunmnqt W-ill lod toatti 6des, top, =nd belitom. Cuchr*cctag'U3 lir {cwuter accuracy in tme ac-tual reaeang offaceinsrumntsarelised q mal akea 1 irdication. lMo-t zpciicL lkoalloy an2

Neve nr th 1.-inh binirmi S ntrracut pointer to ride a majximumj of 0).1
inch zshore the coalo maclace and parallaxg mcam1 ironaento must N? mAde with nAY ccii- errr Sill inevitably CWon into pla.y Unle&Ss

niabl degr off r -curacy. arleonn It 10 givt care 17 takenl to vieW the po-inter frojM
oI upli ed ith only 10 davintone@, It Ip, difficult a pa".i perpzendicular to the_ scle RI anyto read thi In trinncto the 3-preten evet with aok give aott c aralX tim

LFuarantea. Thcae small lncituaente tilwed ha 2-Inach nium= ocaa Ong> i the 3.6-
uped only viaorv It in ImnpoxEsIble to use tho linch meter will gIve smaller rea ding error
2.6!- or 3.5-tacl anlz -, oxc where an Indffcatiom Usa' the l. -incb sc o the 2 3.-Inch type.
only is need-.d of fouch Items ao plate cnrre=r
or r-f current Tha 1-inch Inotrtmientan- hs tha 3.5-Inchi ifnuenI Io recoin-
trod by cue il tMe q"ctiiclatlne r s acnledm,2 wheore readings ax-ti to bie tjaker to tha

.1.. 7-



Ti full aeurac1 ' guaatee gor the instrumen divIdlms shonld tie betwei C-O mnig 1. Ao

unless panel space Is w~ reelrlato"- that a qnroa1TorelY I-Ndiated. tUm U.-lact intrmontnfl s~~maller lUntdmfl2 AsI &Owie30 q~pon c As cpedfll to bawe 10 CAVIiOus

A j Tand~ d9 rei 2nlz orrd -T nch tnatrument riovld nice carr
-the several Omilta aPedfficadoas s ginca I ru 40D to 75 dirLoltmo silnca a grat nuimbe

112 Tabfle 3-4 WW. Chore dianwalso 2Wl1s tgJdvWAo o arn wot needed wfth the t-rorcat
S ha sbAc accurac d the3 tndzt'unt "d good

OqUS(A in M=ny tout sets in a brzoaal poolilAw
apclcckt Iktr etm with a uitplicity c.2 ralk; t-9 largo AsO

nquftwVt cherZe, ws for both ti-c and :xcctfier-typ, ia-,c
(b- CzusRAan hmmeter gtisle And a scalo in

&it) alliIthat rc eevwdzg.

1S1L--302 itoLarg awltchhocrd tustvnnenqts, to be road,19L-M-m 1-51.0
ktX-P1-11275A tr10=03 a (Utlisnco, aus gaoen y zuppied with
L 41-1030C4 25l fromi ,O to 715 dlrlelong, U-9 dlvlotons being

WIrathr coaro ftty o wt buortable

"Fo cao11ba 50dveoto ,i 5-Inch rcele

1d ilnidwo since ty arc u_. Zvlw rend-P.to Inattmento for' a cubNadetl tingle oltL.' o
90 degresi octe ogre ~erniAV' where the pointer rc~ata ov-er ac.Oa '20li ~oebw ai~efsae ~t~
oegxttie, are Qvtisnio in uhrC k.ge .o.ich- C3jrq, Payo&cii- ;b- L itnimom-_nt rndimarr

-~ ~ ~ C 611r v cboad szesmelar wri-ii b eeatntinreso ds fiws Ow renLEJnG-t'1 ~ o O switchboard lnstrnrtm -nie.thy aM?-w0 l
number ~ ~ ~ It andz xssiy o h su A gven above in th% num be3r od

able In only liited -, UCPL n s lo toi nccoms-y to cover all eri
and eznalloi-; millltary 5pa-clflcalen h3zv agssneI I adtdi uira

g oral do not cazuewnikate aci of tz Osciffca o that each divi*iOa ropliOseo 1,
typo. liow-irfr, they are used kwidlyn 1 2, ox ar a- dcimanni inlpl- or rubmatiylo
airc!raft panel1 for nswlxsatlonal purpoos ati hre, cS t-a asadl mee d. Thife

as engin Isrumu for meaing torn- a 3.0-Ioab rkar. a 150ne sale is-i
K. Pe1raturo, Qlr apeed, rpm C-1 the ncs.ad haveo 75 divlalos it 2 V. ' Per diivisonAK

Cfor, special pnrpo Sl V.uth a.S di-ance tnoil- A S0valt sctale ghould have, 0 di'visions with

monto area bafically zss accurate Mn tin havo 60 (ifrlstono ifth 0,1 amp per diviaion

O-doge-ce intliat tnmm- readable,
%They tend to be a-x-e . j),avev and txke mico Rre M Jnientu for carse or fleer am

power to operate?. Ti" represeint a limited thncvane ta~ tM3 llmlta, will u5ually
chesi width limited -p-eriorinace end, while bv conze"acr-c Lsp3clavl -tlill ho more or-
valuable In qpaclal trirtances, are rarily un-ad plmAvo fwcr-eo for In-rmnsfor natlta-y

In wbrndvx-isty oelctrmnlc noupient us tht ar- to be trZts with fluoirecent oxr

inn al' Icy slblletlmaaittmnfcCtlri esmw
-. 3Havng gien ireit!Insrumnt ith coarter ad ordiaily wi ll ah-eva 2 hr& bai

Havig ivo. Lc&13uff atrientwit fi eny dIF x21'nt s the above fig-ureao for

in rcicthy In questlon. Eelfl 1 .vain la~rge nmasrter o( divilcucir, it Y-nult in greater

should not be clcose r than about 0.03 Inch !or acrc.Mn tilstanwt eadt

an clone as thz eye can differcniiate. With cate thzt xcnies within the abovea ligiod linito
{.A 1.5-inch nodeG, common practice IV to tes axe thoSt from a.1I polntg efVi

A a maximum at 40 dIvirzions and thvy, to covter
all socale ran"ge potunlblhttes, it may b, ni-aId Thai-c* 1a &ome Val-Iatlcn in tb-i detals eqT
tA~ the 1.5-Inch inimum aale cm-th (-%I a acalc4 supplied by variousn makers and theay

iLS-inch mete~r zhlild have b%3tweon 20 and 4.0 roprere-i-, In theo lat analyffls, rather rotnoas

d -viion. Sl~ilUal-ly, uLn the 2.O-inch minimm vfaln nuiiy 4i in beolieved that the

'1lton nu111y
c 3.iinhIyt -A --.-- imb.

al o of .uc, -n, -(j od~m h dvd a ooil b



For 2.54nch P-C Fo~r 35-nch 1-C For 3,,5-LA~ A-C flid R-1F
Instrwmen* hmtrtunents isRDfIA8Imets

4h P
tuamn number, fig- numiber, figured for 2 twits scale, cramped at loft, for
w-'r: for 2 units per per ~ r~±n 10 tsU per typical ircm vane inatnmelnt.

* , l~lon, 10 Unito per car'J -Adtj
cadinul divisioni.

BSOdivilas mtl- E-50 dI-r~ign, o-Eaivlorl= 40 dy 4'

mnmnumorflgcpi uumri i for 1 viri Sale, folloi~gng Fiqi,.re JaW
for I. Unit Per eivi- per divivioa, 5 mito por tr- for r-f auattr with rogu-

* ~ . e-n, 5 unt per ocr'- wrk ~h~elx oope.

C-20 diviedono, mfai- F-40 itrifeiowi mdnrnmur 80~uvact S diVIStOna

r, for 5 UDMtS g c a It f or 1Iitar oxo-a rd r -f
for 0,05 tuit per divi- p-oir diviflon, 10 units ipr ammutor with cut pole
1i31, i Rnt per ca- cnrAdiw.i &YAEon. p1coa. 0'I ~ tn di-1sio~

4An 80-dlvisltm rca-le to ured Pr loir eN).--ndod s-cale r-l' aimc~ra
bzcts the o ( Coad havew a x.nifmui of 50 divthi~n. Tu
aveinag Praotle of ttme Fodeora Com- ouch liitrurnentc carry SG to 80 div-i-

=nuicpniiaj Commxissekv ro4uiresthad i tvade-pendiing on rax-e.



teO ich W4De, or a McdIan valre tfvcn airate reading&. hi general, miarors arve

rated &ccuneay wL I percent orz bettor
* cales wre evonly dlvltad wn reeTicelly

0 al -,c lunstruments ana urecolt eC the, uiform Multieeale Jnetruniets.L &sce 'ItV basic
irp fl2' dnati t hroA?±Z:ixi, the moving M chanIiSM76[ an instrm', c=an uc wA for

coanfte&LIn pecal r-tnc th M airgap a variety of Voltage ran~jus tlrgzLi the us*

o= a mae ac'liaemr, raelting in a non- addifferfnt viaues of sriesa
-linear acalI distribution; it the ilerilbutem high-scale voltmeter can bare its a- tIsnce
t I lsw ujinc, this can bq arrned tor gi-ve ta pped for lower voltage rowsn wilt the taps
gore evenly divided logarithmic values of, broWlit out to appropriate terwmls. MnA-

41fo he laple, db levels. Lorly, inultirage millaxnmeters c=n be mad@
by tnapping the shunt resistance, anti the two

Tt.armoxxn-ple rA, ammetarzs ascosarwily c.nn be combn- 3 along with tUm use of the

I quere law chnrpeterbc couleting from tbc millininmetern are readily pro-uad -by :
* baderk tartltic af the theormal converter. soocintad reswstanuce circuitry A the tao

Hae again, by cutting the pois pieces, a pMr- a-re frequently selected by a rotzoy switch
ties of the acals catn bo madze max' linear; or other switching means, In turn, a multi-
Pad "I. arrangement is ixonaly kanim-a as plielty of seals figux-sas re reite to covrr

"liea epade type." lton rains metru- tire several ranges; and I-n tbhe cas c
Umenus, dynnasioer lnzxtrnn'cnts, and Ahoer cosnblratoo ;Clt-uhnn ter, far e-zmple0,

I sgrclrXl types frequently have nonllinea"r al, wbo' %h rLM isqlo are diffr.,tt. for thej tao
WY A1't the linearly divide3d rents may sip- fra-ctions, -twvor more attn C ("'isA s1- "my

perto be sAnnie:t and bet, the heige be rqired. Such ingtraieniare w very use-
has lihttlet choice If thq bic Intuen xi IW test work, btet great carm ii reqldred

mecransniis nonlinear. To ntxktnoq* to r-oleet the approprlate rnena o th4a over-
ti-ta ~ ~ I ch ce~ tic o onl oasiAcnally peer- Ir' may be avoided as -oll as to raad on1

=ib A ±s4aa expeexdve. thq scale aganciatod with the range4 being

IP --I beause ofthe-fet that nlonlinear me-2 71 I et -re uaed, and mro-T 'ry desire-d cam-2cie ar uz-aallv mst jmtxeaar in Ihe binvtIcnm can be built with Mr-api'ator-
lowetr pardion, it In eoviderd -sod practice rin!7ance n45tn"'st a,1nd sWqitehLrci TheW great

eta arnt -r rage wo tVW hnard heare is that re-dinens roy b-,: taken
bavy atY theV reOdints- Will bn =fxdr 3/4 L4 e a ranjo dli'ferenat from thatcnncc'z to

thetz~ salevale.'Tsfor 115 voILe), a thea circuit. Pan lolntruinete ar uatally
C-IW P)Ii-nfori-iproabl (xinim ad O-gl ag :cwitha zt'Lo61v I a pecflc

I~ ~ J' aihz~ for seine Wvrutaet be Indltictd, purpoe.

oreirt ad ceill hare tqxe fcale XVPbe niado of types of Pen in.r VY's- MaY"
wa11y raemlc worng he&blitM.

al~ld In iaa rorhig sas-n.po-cel- lnntrunwc.9 cArry a pers.xrdtip,
ties reqoiremetixz for i~{a cw ztrvxctitn tave

MirKhror fkealee.lmxtrrnxe mtlr'chca.o naehouodlanesU s~i wtkl
;hn-vn 2-a oer;e-d W, tht is-'a aye' directly lw~tTopi ter is wI nxya A
port icullr to th~i In-.truri r, Pt sc.f ad oXt-ed semls Inrnnx 'thingwiCth

j Z ove th lC"-I of the poitnt'er tip. if vinaw;d tlip prcatsecl lint and ctut to z, 1p. t. Pointer
an arstheaparntposatioa of the niielnl larul- 'o,. bo retdily

n.~y~'-en wihrepct to tLe svc2e 'Will bso at so-e, with q pointed end gfI rz Lam-o it
variance w~iIts true position. To asit ntecaedllna :.tnapryuIt

Inelirainae"log this ,'-ff-ct of rea.ding at anU accurate rCiL Iv-z can be made. Lutnlnous
csd I, Incle tho eff:ct c-4 parallax, high- pointers occeasisisuilly ar" rvqulnsd for el"c-

U ~ a mcrm-ry portable lextrumsno ixe raippliod tric oqvuiptuant and used wie21 n a ir-
with a thin knife edre peltater =nd a mIr ro r craf p%.uxel, and are muAd to i%% a width of
xz zat. In rea'ig rtlniracne tle eye up to 0. 1 ir -l, to thxat aRivj-jl amnount

i'ndbe Vl~sitont _- that th, uinter coax tInls aeilcasb nredocetf
1,:'4 e-Iy cs"actsres tt rv-Sflz-cttncx in the, mnirror th-0 polne I KI ht. 1ax-I elcbrd

inr-ce thiS W1ll plazce the e~ye truly pt':rdicu- instrnunents haive bold trndlcatorsa t.U-z7r arv

la to ttn a-ca-Is aidw Mako it rwsie3 to take w-3 -!ed to bW rcad at a dista-nce; portarbLe Lix-



for close zeading sitoor, dfrcirly, or Vith ti 9st"'4m ptenfiwl and Ajcs~ ccmdaadivo
M&P'r Swac. PArt. 'ThA k, 41 MiLL.Mwetor in t h it

Modt CenICO a"e muad Wwi n Dioh WCtIcvt4arel eotkabjb ea ae noe ntame by - intearam~ heta; oamakon,' bye a Mnow efcts, 4 liez 1a~ %F

po3bE2 lnuremaeg a ryin han&&aen tr~ntla W rad In geanrl, wen the mvea,
case Us caagooted to Wn oot&ahhedjI tometn.IftJiiscase themeta is the mcaaismw As shieldod fhom elacLTcetdic"~'~ iallrncd o sre a a mrro ~ 4 effectLaltzieidlg need be oCealdera onyan 2PWare adjacet to the Lrals Rithere

~~~~~~~~~~CA fu lie ineid with its reflactio ia the wee)Is~ femtr cd
* tinilroi~,Qhe ~'0 s Ady prpanlicur~r o hagnaue SUokUng In 'm instrument VUnt-

theSC&.. ates: (1) the effect off ffbroe eternal meg-.
o ther and, Whe no ims cwerallng netic 'Zeld3 CA the internal mechanim field,

at nigi end tb& *Ye Is dark-nPh3ed as In 9fl (2) tilic effect e? mounting on an Iron ual
airlan a7 on mancuvorB, the glare from tb which may redece the internal mechanisas

'~ White finsh main2 tL-0 scale nearly Un d Ifield (Otla Of thse effect3 WWl caUMe erros
Wable. fadr thefle coaditions, blackbaehgron in the Indlealleu4, and (3) "h effect Of theV maft uth Vdto Cr umir-sent dvialns, extern. el kp11l on the meuxmdm egoAgu v point a"rc winl pro-ge m eot nere- mmr i~riax~gacb a n ei comn-

fuL Thux-- t50 selection o1 white og black PrP~ti U ( beiigoaas depends, bagslly, ztaa th3 exist-_I~ ~ ~ U lg goeaA illtuninallen. IU it to brigh with AI Ciniersl field Of ii gaue nmy effect a
*roun standard while ozc-Ien WmdOJAld 6-c Anstrtwent as £Y3184 aq 2 per-

A-" iLe tcd; hi dim light, blatL meo uh-lwid cn;lerfcecn sal odals
be elected. Heavy fDilS0 may occu mot to a. inagntre,

* s~~0c o nYa a very haay chlihe il havm
- (kd-1fl ly. otter colors are use. wae a ruficlenl external fioed to rffect X-1 PaC* &rlnior or blocks ou the, rcale are use Wsn Iac n chase proximityv.

I ~~~to indleas special calibrating psintv am jpelitm fa a
Of-< adjnatinnt; red blokAs are oosaimes used Mwe allovlae effect og , imx----"T,%

I to todumi an overloaded condition 7" bit! age field cn m zdrcraft ceinpAsm to apoil
* . backgrosaad mani of tbs VUner waG iweWo out in detil in c.pocffioations for aircraft

A' to moaexrat thz gla re of the ecao where lnrtruxuento. Hoi"Veor, the af t of an tn-
-. ~~A \, for! perod IT- ira distances btyond Ii feel so ft dhs mainly

I Other Dcal maritings, captons, nominal aplien only to those Inrtnnneats that9 pm.
fu-scale data, and tte like jare reqvir&W mn -no nnyw~ be2daett a

W fcale tn4 only the*unit measgured should dto thlvloe an ele cn tqulpint
beaIngI type (i.e., amporue, volts3, etc.). mutdcaw'ci icato ngonA ~~~'plena-10esAnry informaion, ndhLary part n=n. eqimntcmgnoiybepioktdwt

~~ ~~~. ~~~ berg, the* maker's name gnd model number iennnevtiu eadt xrn~ f
kmtijt smaller and placed away fron, tht)

mRIn WAcak P1c so that they do not interfere tehe te tro1) ~~~~~~~with clear readability ot tW dhl~ons.oatelruet aestn ordc
Most instruments have the gore at the left the air-gtip flux In on unrahieldcdA d-c In,,t~-

-and pro.gress clockwise. Occasionally, 1peia ymont if the iron or ateeaol L cica-ly -mt
- aircrafl1t iau-mens are rcrtcd withe eo r d minter. armcmfcauwmi tnae ajccevag

at aoon aitd position for the prmary pupm G1 thiv, andunclo Instruinnte3 many be
-\of having all pointers on the Inntrmnont board obtained adjusWe for mounting In rnagnetic

I,-hoflzc"a when conditions are normal, These panels; havlnra a nominal t.icknaaeo of O.OD
<p - ro SOedAl conditions and the majority of Inch (,an average of 1/16- and 1/3-inch pamea).

instruments deflect clockwise from left to The effect of z *;.%ibS wlc of this kind Is toIright across the vertical centerline, reduce the reading rou~ldy 2 V4erceint if ths
innitruraent is othorwire tnebteided

2 ZIron cameoas -All Phield thoeiLnnvent jr~
Electroczatt nhlding fig needefd only where the offe-ct of a metal panel Ot p,1e1 znee.* thre Is a Uarge difference of pelonlal--over field. Borne plantlc-caed instmnnotz have a
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ring9 of iron inold M3 >iplUtc, anti Some in- rcmel-fatg flash-type lntrnleet, rourS-

111 ~ ttwto are lahereill; seli-idelie&. The hed blaeh-fttnl~ad screws vAiti epropriat

ruu~~s~bze r hwrmms 2re specified i e b:) aut anti washero are called for Lutho iltr

1i rim aes aci~mrl versions as well. 37c the re-
tmL~ular4Annssa sadsoetrntvalsr-

i-eilda oap-itil with ez:Y ezijElngs wag- function a(3 prmanently affixed rro'a.
netic Panels, - lrunA ils orcapno

m tdnabyne whc nsa rooefan gea i foto which carrn ivd

10 SMeaMTir, musbet ~ l f M be locked a separo atemuntin flange for
~ ~ zgui mateil, a broazeal.loylIaordinarily atahett h aircraft Ineimunent panel

-d. ut venhor~umcoper priga ay o dtlof og ai arrangmenti arm shown
o apermanant ntafter havig Wo 13513 here becusem auce nturoc irc gonerally

of bCAMVZlulialbronze for navigatioal and Ovgie instrvmonls.4'

their Ii~tial froe poiAtion. A zowo corrector, nth nti" fInruse haing a
tbrorAlcnsm 'ecittlng the pointer to flan 3 car :*Ouid bap ta3 not to puLlH up Gki

asV tgo e U10 fecte~ botanic evIdaut. The theDM , Maeiit serlwsa to tOw iPint where a
4 axncunt of correction hiunuillimtdobu warpeod o-r unest Binstrumsmit pr-l w14l

$1 degree on the sC.le -rc fpigsr ly CWio J Uhe fhw~o to breu7k. Thin, eoft rubbier
doif t mge "iAtu -uca if pway mann- gad-kotz sornetimeo are used under the intr.-

4 ecurdmeet flAn,&k to caat the interior td. the box o,%4 device on whIch the Instument ia aneentc-d
-n ilarvor, P :ze3ro corrctor 1@ difficult to from emtreacs ig d=ct S5"' tarly, a voma-

- design into a Emall instrumnt or oneq Which what heavier gasket may be neeAd to ecn-
i to bo Doped Psad, a ar.- t, nero cor- lurctlaa keith tho rugptedlod Instrmmins to
i-ri-tors are ordinazrily nt eupaed in tho I- form -a censletely watoz-tig vipl. lIni-

k inch Inta Mt. L-1tVSB m. juires all monta it thia clavo areO generally flirbed
unsealvd hitnnent to have zero corroctoru with much heavier motal lan-r tzc-h will

btdoes not retauirv ~c &:: n-d Insdru- allowi for polling up tho instrtmetnt agalnat
uientfo fluggedlM arlntrumnnt per kilt- the gSetwtmditron

P IOZ0AA iare not required to have external mere
corroctors mn the , sdt 2.5-, and 3.5-lncb While panel mneters are cuotomarly womta

Etroe, although many mmpaitactorers zupply azi a vertic.a board with the w d horinontal,
the n goodA Lneru nieni piractice. The 45axoc n td aeIdctdtn em.
inch insturnoote, orr, undor ?.UL- tog friction Io moth lowe If! Ulo hni-u4
10304A, are reQvirt-d to havo xrocorroctors. axIn l verticail, cluce in this. em-ila tho
All of tin. larger fziecd loetrunenig .n pt- bottom pivot rotates on its em-tome tip adt

abe nermente ordinarity cvtrry gero cor- the upper pivot becoea eeyagie
-J ~ rctos, eaIng. For this-reapa-sn, the morm precise

.i portalel lnrtsumon~a generally are operated -
All of Ub- abov ipies to InM:.umentiv herlzonA"lly with avertical axis. If panel4

having j a free, e.ro. Certain typos of fx-equeucy Instiueni are ussed in ai precico applicaftioa,
meters, power-factor meterv, no.110 motes of besti reuumto will be obtaind if the face iz
.iny kind, and istrunits livng a suppese hoonandthaxsvertical,
sero arez not furnishe.d with anomie reaadjuzl-
mieet crC thIs typo, since there Ir, no froe eo Moutn ncnendwihfito fet
to correct onily. Vibration and shock effectco appear to be

little difforent whethe r instrunients are
mnittd in a vertical or honlzotmo- position.
Any lnttruwmnta which are i0 be U-eni~poxted

.Provuini are generally fuarnin!hed wih re -n cue locatio to wothor in a croron a
paneol Instrunmant' ;or pOtmounting. For traiJn Oul~d be platcd upaide dovm ou th-1
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AAmieSL theS tqOfrnu? boaing wWe. th 5Jdbo2filttyry- 0 dV

Rov r zng, Th to the criticvU u-ne, floats tranumlttal of heat 0=%o~ih M3 w ta

becrig Is, in wie, the gule baarIn& & a *l Gh pecific~llon atato tOW tbeA~le
ioaor de~ormalions caused by the nshock oi Bections ahnll not Oqae' VAa pxaakla RIVm
triwel %AUl rus-aly camefJ d1fficulty In actual used externally, it Is deemed gial p-~aceL
nee in a Paorma. pe~tIm to wake the eaternl &-olditiing qmzom nA

rapid afi posoible.

Theroo w-e many typea of tMkc o s ot

threaded terminal studo, ud th ai n aninslve d vico Is subjected, ele ella moid
chiacificatioiis cover the nuniorous sizes. hi
Is good prncice to clamip lug-type aolder ~ d1O3~~b~n8e*,~rai

terminai;i under theB nutv and vwashers of e,,ch ~ tmeaueaa~u~iy rroA ~
terminal and to-- 9ode i..twre ot ta

Iert~IA~h. Pcig lo~3 ~ ~ - o~lir factors. DifficuiiJtes during Wor d WIar
rLampin- on an in~tnuent trminal to iOU SIr.
orally frovined on utleso thz. -wire le No. Is~hmd~~ n s

or zrpa srvico, led to the &avolopraont of the m enl

islufd finstraments are frtquently fu- b opciinotdmnds noj~aduhanl 'fc4 ha
aiobwd with u.oldOr tep-minulf; soldor torminals loyto more an'-dn ha ~
oo'r io frr, the itruniort care-- are maa- Whiuments can tol&rae.

X, dztory in oz_ Ln-atances. Askeefmblers o4
Olectiuic equipment are generally praperod
to work -Ath goldejr terninalti. Sr-Itch-ar4 dfP~tr
liz~trtumonta c,! larger alzo, however, are
alvmya furnisead with threadtd terminaln and, Conviqution~l Iat iets aro dtg~ped

built to oparate fliom thev lrearzirig pote A te
7.1t Wnfn ?zs pr~i for tio ctaw' parhaps 150OF viH1*ouq dwumir, n'~~i
rent wid volta at the piurtlcular inaqtiinset " 0Yb;tflOtf4
Circuit involved& ldCdn- ht r~eeo nenlpal

vtiaa- cold. Ilighex' temperaturoo rstx'a Tm
clal handUng cd the cemoan u-,:d, vddh lv F

Xmmc~t ermnals~Lt ~O C~1kA~~h~ prob.bl ben 9t isp tillowpble tner art
O-3ol.is conaiderod bad. pracetlc fox the@ rugged L-Atmig

to haoag ano~haF componont on theae Inmtra-
ment tormtnals uniomi th3 coiipo-etin an

Inni-nnei acee-oy eecficllydcign~d Altltvude 2a6 r&-
for th-At puirora. Further, 'd7.Oim caflfl tIa
L a1vy wlir to iwetrmnt#w azi rno~ -in N red io? in nae4IIt~et high"1 Att-d ind

m ~Tnt clrcultej, the conn cting aie Bhould rapid pireo ch=,yea may c-ni zo- -re.l
bo either 1le03bl6 or, if Solid, for-Me into M~r in tha ir trurncat to condenAa anrd
a loop ao thiat thn, movement of the rtro itreif, reauit in co iozion- wld othor d c Otlea. r-

ianitted frora other icqulpmnixt to vih'ich In to be zoted that an nir-danpedInrunm
tho wIro may be coanected, -All not causo loson; dampng rkznply aninz UN) zreI
ccitlnuotu vibration at tb,4 terminal i ret&ced. &eA Win~rumeat.% of cov _ a.=.-

Wh.ere . aorho t r i from Rlargo tusn, ing Induc- Inincjtahmngterncdzo y
acutt clamro A h ud er thoed ovraate salir Ah bs

& - -....- 4

of ~ ~ ~ ~ ~ ~ ~ N z* r- annitir On virpio. t6- h-lCl



~The pdoni reunl vaisci asg meW4 I ans .norJlDwiitc n huxDsul

ha Indisate2 tMA unless cubje~ct to electri"r mootly alsoited =0d =eonslabls damage 90

.±? ectiier or tim burning out ofa thorm. element shocL, vehich would Cl""e the pivot to procs
* ~or a isprng, the life oxpectancy wi m Instrn- it h nwadorzteigopiuc

ment is many years. Pivot v"ear, a =oh, fawel wIlt give way and xctrzct to allow tt-
rarly aueo tffcuty ndInsmunnt hao DI/t hg2to tW e pr r agaiet IN

been qnsaatwioal haeuInicated tts Ind uCr ttav s:::rw
-* els dota and daahos3 on a telegraph system

tho pivot tip and are still in goo operatig G.Pls frhigh vibrao are frequenty
Ccudtlom aLe betwen rubber aboozrbema 1tprirn

9n o-celled mggedbzo'A flAstnenw tftrd
It houd b noa-6tha a i - oi a to be oerowhat )shartor tzn~ goo ascuracy

table em which "n inztrument Is stanfii5 dn" dicatate an thal Vley may be zoda
=,W the lnetruxnent pivots9 by the alap mnieystiff and not vtrt n rac-manca

rectica od that blow to the instrument retndteorntc
lure. &ueh dbarp blour shouLd bo uoide&

in Otsrn anl Cof tbz? avr actocai zare
Mll labtniumonts ara subj-ected in a petT cenAldored In tie dorlp i 0 ied z -

or lesse rgr to these hasi-ards. Ccmvuo- rtnnn3Ceodb hTLIS-OOA.ims

tinlpanol instrumontz and portable instru, to b ~ io uhr

to alimteddegree. kNiitxry Applicaos ad t-aticac Vk I are act necogssarily conduclvae
howmavr, are much that mucth gro-vtervibralci t & hig &irty and 0if_' "Teug)Tcdizeu iin-

hanrll'ng. ~ ~ ~ ~ ~ ~ b ThM; militar cnmrnaut hav ofS*tatltpI & of large masgaltvl are alwiays possible W ~ CCIh 't Vcdwl;I vze famr

be en designed particularly to rifthstand shocks
and vibratlon. kincrisr viltretlon 1r, o mcb of a prco-

kentt evrntmi2o ad frsswy vibi-a tics teats
Mockto al2JT emewhee tho metru: to Truss the PIVots Vibratilo tleat cycle-s an;

cause of tho ittenuaqtion beofore the aback or a great 61-t ci wr% > cc- rhNrmto tipvd-
vibration itn transmitted to tho Instrument, uin b: eariig alt""lolE higvly rmsiltive rnianr-

S ~~The 4chuL amount of vibration found In g r n Cru1o low torgucr r-qzIlre "I"r pivoto;

"Y i piano in; not unily groat nor are high% ahocks to vvod6 fricticoa ffccis.& Vibration ,AR
usually encoxUntord.11 Ir.,rne nhockfl arz enl- inovitably hirri these pivots, Withceh3oer

S. ~countered w[hen tnstnkunento aire muo-sted, for -&prn otkig of the poiNtra. Ulgbly cm-
oxanapla, Wn a tamnk aund y'hcn t ha turret roc eivun W1iv lmtrUnar-ntn shold, i rfrbio~
a d~ruct htil On shiphboarl, the Navy Deparlt- ltdhru sak bnbo from l

I ~mfont requirewnitBl for iAgh olhock are a- vb-tca
tbliazd prirmarily rso that the sqopenl in

I ques~)otion can be xiic after the ship han r > 'hilrY, ihsaktn tuaeies
I ceive~d 'I umber of hita, but 11a atill able to la, toghmdrapi-upredj-s

I navigatecan rltbstarzd en-arino, shks Rtygce4ira
Wo1 nttwuaintn4 munited in a p.-'. for eaampit,

Primarily, high shock and vibration damage se-s s-macfficxt to Lie tes-ted by being dtruck b!y
the bearingn of ai. instroment by flattening a h-AMmer falliog, A dafialte dlntanco. If heavy
and distorting the plvtt.! or ny crackig the shcc1iv are tW bea eucoatored, the ago~~e
4etroml bearings. Extremeoly high shocks viay i-Lnmct wilhrZfth Accolvr _tioa
disftort the Moin .ZY!te so thait it will not Is a1 Vecotokdr- impiortanceo sInce the movUej
swing clearly in its uirgcap. aysioen vs rn;c %rily bsaonrd. Acee amw

* ' nstrurnntndesgnedto . ihetnd hghOf high V32ue, ar In prajoN c a can N sirn-
1'ntT n_ O osi"# to. thsLid Mt)latr-d Zoy ahck O tin alar _band, Indicatng

iand vibratton uc'lnity have a vibrnation Isolni- ltnbu~iwnti rarely are wa-zd izaer wcoc"Isrz-



-wy -- ctx or_

IWCA fj wV0nI oz.'q Xcne damwgc in&Lcrunznt m!ndr a?,-o mil & Ao&

D&4 &aid -.7'7: andnrhu';y a raoderately -w" zrg t-n

I even buarn c± tMe Intr lu uprL.; or the
Mp-unto C;rz2 ",d encO Is 71aquoniy b eter df a thoarr oieor witha2 nsa-al

requilrement. feated~sruew appoan, to motion ol tho poluter. Such zsae wzukl be
be tM3 aproprl-ate ntdufer to Aids problmn' iLuckl shorter Via th time isrhtn2 i t4 ~alhouigh coaVuitimi-v_ Paneilas um 0,15~- brl-srmnt ad i2 Io extremely efllbtrrllstl%-1keted to a peantA- ,lra frequently fou d gtt- v have so tgasaen ct bunn x-ws befor tho
factory. pointer 1hRsi, monamtorvlly. Vft~ circuft1~~~~~i i irnemo ssZh that this may hpsca

CorrOSIVe tizeiwi'o a-q ru simply a -Ma end :ckhr across L 4-C LAICrXa-
~~i I accelerate the ttess f i humnidity in -eerwllfewnl ysi Sy#ca r

N ~~corrodng Interani mift yarts and doetryn In a 4-Eyz{
insulation. VWhrthw cidithanti prevail,

eboic w th t widelV uas.A rrygedlzed in- it might be pcolntod out that the curE err wage
at .- ens he v 'aDINAco'4 lyObatwle !n _ha f~o ivnO stance m-. ay oraN

GACel) wave front tMat tba voltageCveoe
Raddalwnbetween tuwn clike actuating col amy beset)

down the hinution betwo'ae s turns W a %214 The ~effcctsat d i~itl) CifatO wt effectively c har? circuit Oone of them WO
nuclear rays Sa quite dUilte Stuishha nlwblrsltj;-roeujrail and t'fl cryrd~A~c~rapenm behaxOn gdlradcaxof W3' poalbtlity adthe iuto claT

'V. to tin dilfflculty?. 7i'b&mr han beaen nuC 5oi-c~ the preveativc 35LzztoW shuntif the poai-Hlity
0.? c the ef fects at srlxw rwatlo1 i xoided ofI sUch surgoc enFf1Kt
the intonsIty to mtch tit it Is sAfe foranr

I. ~ x1U oba e to. T~t th%- li n .wtihrA~l oveorloads d , e s mntially ov rpc~rods4.~ .redig isti~. catiton, oq minutes, can cu prtlryLnt- caa-
Sum ari-Au ~zarnnmt of the avarage rain- of pulse;d cus-

one May Lisy ti-1 Cc'rieuioatael fl5 nfl ent. I mugt be rememjercd tMti. c Id
Mlena my W z ILI ny ab~rtor OT ';rad struments Indicate et a Dbests 09 th3 avearage
nicnt may e nee In ny laoratoy or roun val 9 oftt currenlt bt 92- bested, by

* gnerlly I aicrat o *venetn ~effectivc, or r-,va i o din curren Ps'orFa
Bnt miltary rocironwvnta, wrAch may coer exui, l -audsa1mincelcs

*usagq from thi tropics to the arctic and rdaip- BlpraaIId ton time-Spr second,' haa 1!. =ver-I I nient Pa any I~~-t3of vehicle, will probaay aevleo npadwuds nhaeomaice, Ai ray tss, 1-aimp motoAr. BLt the, tin oz e11 Ctlve
-4 tpe instun~n~aeea- or 1tionung Value 0( 0in ctkrrtnt is Ii -tMP

awd the I-Aap shunt in a ConVC!nltional I-
Overloads cm) nztrmnoAx~ wuld ben badly orhea:3ted

orlca& by this cotin~uous overload a4d might vn
\WxN: n te apilatteo lniruienstoeletr~al melt out or fall in Its goldorod cn-mc ztoi4v

~ Leqipmnt Itshuldhano-ted that ele-ctric.al (Ai the other hanid, for suc h appjdlcatioas wters
tj 'tIoverloads omnay Ix!ofteesJndsi nstn ucos Ohe problema Im iniowm and stated to tI., I-

I ~~~~may fall mechp_ cally, Cheroaall1y, or by aee- stsnetra ufctr-rovrczty-snt
N trtcAf breaktkowa, can be furnished to vlthttmnd thisthma4 {. crloadina a Patisfactory manner.

4 IMechanlcAl faluwre duto .ltOctie over-
Ilad.9 may occur by a sharp alp rdi.Fle pulse In closing thin) diLcus-aton it mlust be ,Inted
applied to a m. 1lflaoktr which may rnicoatti out that, not only aho'ald the beet stz-&Ad
pc-nter a wn sueIt to bendl. A highly ch-ar.-, Insrtrument bh.se if posedbleo, but also that
capaicitor a-, lsre capacitanace, apparently there is much the- dos~gner c4at lectronlc
Inert, can b,.c the piv-nter ol a low-range equ.,iueat can do to protect the insirumentz,
r' Allllanmnolr. itais, In pplyg instruluents.te cL-cult'rse, from he2 bararde ct lo7erloadIng
circ-uts whorv MoyIiter capzcitors a-re in- by vonrgem. 0,6 should rc'co'joime th.4 cer-
voLvd, soiclcame ; path to titochargo fth Iinni -ray be inevitable Ia certan apq,t-Z

caaItors I is t diramble to previnat thisg caionh. Whern the problem It knosmn-ai



this is the equipfflwt diAgnerlo domn- f~suon &ae tAD rapid vMIaAnas 2M Aml"i
Special inmenta can bo fuinlida&d tomperabire andl b~ilt.

r~s~F~w~x' D~!G~ SELECTION U?~ W"NMMO

Tu tke tpbditoa be", ii, tb r2,AI typot
4tz~ trend Is towiwd the tw-D (W iitnrlsr i nstmtrnUt uwed for meaturing On-cky=

vmnd more compact magnet syte-_a which art eiztlcm c4 t112 power 1a an elecky~l circrit
mAgmetically ) tter shielded. Tl to an am- are listed. Hawever, tha hlling lo nial ez-
Portant fact.or relating to the necuracy cl in- cluj~iva and n1molal not be caarac- as~
jwUh av near a muagetron. The better shield- to an Oxcellsnt instrume nt for atn C0
Ing also cotnfles the magnetic field to the cyclea, but since lis ovcarwand lRat io 01
Instrument itself, tbu@savoldtnghnrmfule~ects 100 percei, It will bvxn or-1 oimtr
oni nearby eqipment, for om nple, a magnetic siburting currentfi where tko liao wins~
coinpae. O1 courea, instruments have been mesrt will t ton timou vaorninl 102d for
niad more rugged in recent yoza both as toveral accm.da and raina1i tnaat 'abi
to. elcical loradr and mecbmqglcal ibock and 36tn~ oranst- ot~aefl~~
vibration. Bettfr b-aringa and otrooger ma- lectica.
terla are continually being introdxiced. Her

matic sealing I oavaiJlable I anyb inr:unts In Tle4 , Is ss=na *k~t k? 3-

to ~ poo _______e the ffct o mtitue oaon 25=0C tW odZ
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ftf.ct. tp 1

2.0C0- P'Ct. type (1, 5); Ibrnal Tbea;=a1 9 Xcatro W zzb~z
*O0-00 ThaRomA type tip OV

volUnctor (VTYVW
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2ad for a- mmeents the nns wr s vbratlera; If equiprmote sbcn t ln

~ granted, ien, s flexibie leads (etnndnt cable or

DOT ND DNT1 the iceter has threaded utuds, use appro-
- ifal~ate sder terela

toeixol gear mi tatteto it cal s to
to eect-olegear attntin itC4IS! ~Doet uqe a d-c meter for meoffurlng pulsed

brief list eciImportant factors. &c unlose the thermal capacity of tha mater
Z - wil handlle the thermal lown produced; asnsume

Do velect ranges where 13o'?Wnml E Q the marmum allowiable termal loss in watts
will be Ln the upper half of the wcale, a£uw4 in thq meter ass Wice the bill-nseale tossunder
3/4 acSIl for, bast rosdnts& ~a tw emtioz pue uroet ciun

Do select meters appropriately 24a&maefr ee raig ros tt aeut
for tha panel being used, magnoUc aw nm- DQA' insisit on many fine dlvilsias m2 the
magnetic, or u." shielded metr& mater ecale; coarser divisons us described

Do determine the effect of ny meter xrmci accuacy
atio circuit. Rtn calculations accurataly

until It ts clear tM effect le c-,iei~e; Don't attempt4 to checlh, an a-c panel meter
alternatively, If the effect is kde 4 bzaww onayfe -y 'ut that for which It was

what I Ibl-adjucted. Make certan the Etandard In known

to be corroct at tliat frequency. All 4--c
W nrd correeponding to the applcatin, sQad L-"P sielect meters conforming to tint ela-Aard. -

a If tho gtandard incidhdes a lis of raie,e,
walwtiwrv~p se-c-ionfromU W li,4- Don't r" up too u'uuI con thwwmmin*jscrews; it- only may they be itrippcd, the3y

Don't vork wo high cn a meater sees that may a)o ditoitteIsrmn lneI
the potinter Is frcquently off scale; 120 vz"~ the IIma n t'rverd.
full-scaLo is act high enough for 11w vtk-
Uge, Ilse At I50-volt Ia-~.Dc!taz:otmtr ac p yIae

low porting heMM face0 down, tte meeimportan
Don't work belo hal gz1 o VtoI me &TY lower jewel bkaring Is preiscryed for nor-Mal

thatroaingearebelo haf wek; to mter face -up oporntlcn.
can afely oaud fl-ti erreuiucy

Don't nouia shlelded xrmtogro a m
r. inl unoi.calibrate d for' ane A

Don't hanga gear cn ties wetar terL 7Aler L Millor, John HI, "Frqc'ey ctnpenati on
they ara for mazIing connectioans, se4 Lwr cd A-V Veamnents," AM&t transxction;,
gupportlng oqulment Vol. 70, 1981.

1.S Jh . L.. "A Tranvdiucer Type4 Fx--
Don't ujse :tliff cotwactions to e',,-Z qw-rnoy Lee, AJE Trazacltlww Vol.

terminals which may txanafor rench&AseAl 74, P4,rt 1, lIDAB

IWJZ400RAPIIY

Harris, P. Kt., '4 RLectrical Mosrne~ m  Laws, Franrk A., "lcncl.nu~oet,
John Wiley & Sons, Inc., New York, 1951 ?Ac'raw-lill Boedi Co., Inc., Now York,

Heincy, Kith, Md., "Rkadio, EngineeringEa&198[book2"4th Etd craw-Hi ,9oL*E CoInc
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1 0 RitL WNG BOARDS

f Pprr del ka ri~ ntT ciit. i D4 aor and e wo o4d C,)J1Cz t t~ Seae ats oa e

bu mec~aRoma~tfixan d ak,: toia R e F nito stona s "tei for ' ~ i
auort wIng -L ' Mpo pheato Co-meA -- cqui azbjtrct to, swnat atnalStIe

tudietorm may 1b-n foz'rcin by ciptan Itrc Phipc -3 -:, be £do td and thtrcoma
of "s fil-bhe cun a2tr, cd smallcaes mac~dabl-zi4, gead in ttt carpter that done

.Itemn by oppoz::z efa resbrctd agren with Noi pciftcr3 £t cas poruAls-
Oila th~e t-wo faeo aCt1 thei arpptntng CIksCleotl, etil fon-rA pboard , aap

1 1 moat feac~~Ibly feory hihia-D na 1 rne
I 1 ultra hig-h fraq-cef. LtpecLciW e_,ignd CTincfit ter~rozAcondtictore may ienreplace owxial lknwe; evrin13g neard Ig qite pr*ad It3 6a2ndard-

and -ame P!Ll'nnrs CjwsmetiCzani at vm zirn atite t2zA be prcdjttX7 FV-gSYd'd Ir tia
-ave frlieaclc Prited wiring 1is cr1Wc4 'tto 01 "trmnct trnaed feod practice."Iby Sl;'AG an "A typo C1 pr3Ited C jn.. Rigid pe)x1rorace Mxt,3tt canot yot bc. t
tended primarily to rovie en-fpe doce,a 3mvaz:n thei r uNdlrs4 61=M c r-

-Yhiehitmr." A
electsictd ai or bkildpyI are ee a{eety . AsI

&1 Y far th3 vlnlcm, emealy need printed X toit ll nMoez never -a 216- m, for tho
Awiring I9 a pellervi (vnriously madea) df I- to mSe part beAng cuacoa mra&d for eveCry a-

*.M -Cp-.' a-'-43 b jC' n1 1/wfm pbatgmhrfoo a rctics. In aii-
laminate, pierced with h01,05 to rczivo h dfttos to aval ublea incA" ar apropriato
v1 ire lead-s or ig eg ni sAard circuit oaw-z ddtermainin mcmlea for j-1i-ly control-

nento mad with larger h-nice to irei, fsr',- stird o

forr-ed to a,- a prilvd wiigbad p2 applicaion so rne i~tj nlk te
plate, or c-rsa ctspoal,% Ue epedcf cim & printed wir-

org ch.ire cwmlUe ofpm a phtgrp

cc rried with% l'Ad kb-id of pritfd clrcali b~ C~o rne ici aob
- generl, eturdard~na ts cte, nt es qccI-

tlylimite-d, aret wa-lt bonnily znowgb in Coama Corca tri
fIncludE1 ninny other coaa6.ruetlon at cfatn

I k ptters onnoncaa~acofs fo .a lae.i, c I- Far-v cth-i circuits, Me devrcd pitton In
ver ink oa, ineso wiring, piatcas. Small co.- printed :ith acid-reiving Ink by xilk scie-a

ramictyagtd cited iit with prirnter or offit tart ae on m,-Wl-clad1 Lamina,an71 it-ths un~a-ed areas C41 weciti chem-Icslly
'aeciiakL~ A~ts'rcro.tc-nryfn etclid away. Aioervan-t, a pcenlie

- I5o-~etlc-Tcc~~eakns.~ Acre £aCOCL- collold Its coaled on t6. cla etock, oxwosed
thin~~~~ 'Xz"x tatra -io~ah c aiaiO to a otroaa
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'S ~erii~n the unexposed Ceas to Provide the as shown in Fig. 4-1(C).
KYedsC ratterzi for etching. Tie aocMr steys

* ~ ~ 2 £ MO -hrated An Fig. 4-1tA). T~ 1wod'set Plate circuits are begzrn by H&gi over~fl
rzi a7jTAroi5 copper (red oe ekselrolIc) or netnulizaaon applied to adheive coated plan-.
o&akir =,eUa conductors %-ll aermd onto hQ tic Laminate, A resist is selectively applied"

_m of varioua press~ eC tt or ia as 2bove, but r eeds ~crpaj
- ~ d "i ~ct. Holet wad machnnial Izbrcaticu of copper or other rootal fill~s tho qo-a

usicay follow but way prca. eing. Re- areas, reslot and M~etalization being 6aboa-.
vr* I ine may be used tW yprc~we a & rh cir- iquntly 6tripped as Whowo ia in I. 4-1(B).

* =uC2 Ovorpl-ating etched lna±iate in oc1ected Tho product resenableo etchz-4 circuitzi 12
LrGSO3 L0 &U iportAAi m tlCSao tht M~y stgucturs (usually having plaWe boLe) N,&

A. F.)VHED WMMN U, PLATED WIRING C. PLATED HOLMS

R. Ce2D copper.-dad 1. L-etailliuzatca of bare 1. Laminate clad wWt;
IXs3inate 1UmInate by Vacuumu copper on both sideci.

*or chewicaL deposit Hole drilled or
2. &ame prore~r, u punched

at let ml1s
plating hcth resip~t

d---tZ-AlW q~d orprined i re-Vithpr2in"ted

w. rl vinj ersepattrrConductin~ copilag
Placed is hole

3.iItdeili- 4.PltIgzd b
".--raving) or electrpting, dots S. pltn! Wd

acri~n In&-Wed op e oo LILN

e lct, ieaOP4 CV-cce aa.P etched avny, lal-
Inr pat cii erwve s Otplating in hl

F 4 4.1- &*3p In PM4*0'V a( pyrQcirv otchod wlrin4, plated4 virizj, ar~i plalad thivtjh hol*&



C)%-ou va.-rds - Cas C~ i nq~y6f--11 As -2nM

ct1r3 ~I tbf] pihd crito xpae, sogmants al a wo\ltchT are~Z~l 1

umird fromy rmt fos y-taUe circui pLg-q rdebmrmm tlf
Wo "atRcy om Ic wa?,ngh toial ne b ffCtOF0Kato- C

-Ah ahe,~v or toI n3 ecisad c a.. Con- sia i d tov tuh lxwraptaxcateCrM

a? fol. Aull othe pso or ito dapzd~ caeve thcwrngoandd on (1)0 Aeto aauik-
aknr id thegs Haanh~ (rta. ery.() eo-tic s Reanster, (3)

chonilcaby Fetril()Codctvt an c

r-ifAug Rezlvtames.t

WlrfCk cirg'f theMc- usaec-- cipw- faste atcoc i esa~lt
~t-emca0zi1 fab-iaic rpau mice pia wctaL Thbov xnc90 Cnn inaand I w glzrijl-

ksdut 10we.i gimcucdAr muirzinttcacit tdvima meratv rocatl by ol~t fam o ol ~h~

1; C zm
Efiiy 1~-a~x aR-o

0-7 frmingto /vsgl- pmr yI manIfal;t~ d.
t-m~ nha ,V y o Nazagtoa nrfIt

(9 fil. 4-U ha. Cc 'p, .s S10 flg nC pa31 - a Iih.rnI pta C oft n (irm ) pdtftx9. =di & le 1 ,
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woafdets it the finicW circuit may ba &q xioderlng, owns bkling, or otheras -
loose or deficent ta cunet-czrryag caoc- ped conditions to he encountered In asse-
it7. fal physical1 lrmrihrlties in the ows- blla or use'. MlnimLn val~ues far vriu

V tacu Cana miaprintlag An the productita iAnel,- anaeste by zupplicri and b"y

w F tickvos aia aijgt~y), ane gummarlzod 141 Tabla 4-4, in
wih.boad Mtrenjihe are giv, ,o or-

~NiWa IrA --&Oou01 hnt plue o0.o 004i. celved" from ktw makriachrer. Romie nears
nnn~s o~ooz inchrequire ag high an 8 pounds pool segt

send thi aftar 9ol&r MpYzag. HOoever, *lt
Nominal 2 Mc-O-1 0028 Inc pius 0.00OM Inch dos o ga mno bettr boards; Eame lardt-

=a=u I.0003 inch antox, h?- a~ia y-w p a bod, a improved
%.4 a&ter C~ch bwa tortnenlt ,14 lOt ors

Bodof the (2xa~cntr (1

A D~alat ing aswnas2 Importarzo mAs onlyThe coadirlve fim me.M b-. realetant to at miert b t Rc during fIk~lng-oo af4 ~~~deblant cc durilt LotA&nilg or high-tern- Mefn elt np~e~g ott clrcUts
Pm re c oprton az well ao to biter ndi clanininm need upeciflcatlon fo-rU ~~~delormatlou In prccsz2j Prcdures for ovnc sage :iraennlm snr
fthre paraxntens are provided in IA Slm&- gvni al 4-1. Special ctrel rairf

Vards Rropoeml 484. Mlnlxam- blitering mc endeiecz May aloespgAa 4lttonjual ov.eln
aw' Is n la-rscoc4 f~l c the specified rA'ilit 4od&xttlyeea or ac-
par&'~iru 171g. 4-3(A)) In '3O C soidur, colomted tcris, hc &.re mprable to in-

Sollove by vlml Wanwcticz. Th-ei "hsion elf rutation Clas A, B3, or HI hoelei or Irtrtntc
t~tLiSSLares aoc Thistischekedby tempcniturr, or Mmnidltivcyclingj. Notably lit-
rseeurr; lb kuco ec~iled n dtac a o. tie accxmt hasB bfen tan 'T CUrrenlt oprzi.-_
18 WG ampe wre s-v~orc~ di soderd atlian of poavlbi, Pndr impairment4 dutrin

in pue hagnra Lheooa oi conduetoro !&Widering iA,-I w' mjnivwhsreoted
to the baise reck iU deternincd t- nc-azuring Gvag±vely th-at wrnld-oring takes longer
the force reqvired to peel a 1/ti-Inch wide- thanocdrig roachs u,3ll ovier 300 C, a--d

coeductor, ptted at r'tgt rei tq the bareo; that -m-mndig tip tamporaturva even c4
tite recnt tn pounds in aiatiplied by eight =1 nvl pmznci ros oreb 30!0 C. axed1fe
iated in poa'xls par ic wldth. The latter

MO tflt C=ue from0 tbe two3* typen Wrrg

~2 1 rot cocivertlbl:. No aim wnims hus yet been

h-rn [i 2 ned5 mi nu miglbecwidrdfo
I ooinrywlre-to-luos nmolcdng practice; 15

(5)1Al..P.XOAOSlsC)r-equireo that- thp Initia

I I asa material pt k tomperi ra hR w
bond trnghV- Lewnd hi 1ince foi ind thev~ljl- mic iormi n A by 3 Incthe is1 Pitid

V-~p'.-.1u pzosA& surface At a rats
Od 1 lurcbes per lslinuic.

L -~S ~~ XJ culfta are also nN r-tdedy ctorrn'lAin iths

4 c-) 0)r~gd baa3 Ite-m ecansao co,-ealnco dtlcate *a
testa caparation fd canctorr xnd inrulatcs zt

P74 -I entaUve ELA test pott-rne: (A) F3- a10do-stil.Th A'eo t ietsrlng(3 Tndc~iv Ce-p11ueu-stun lvor Circuits Or otheotkr of conob-)datnd
'k-4ba odrttt. C ituic eit Mewa in probably b.lie eterminedU

ame-c. (D3) &omeard returs realtstiviLy, cite- &CVtdh orL rso etnatog figres
lacwmi onstmant 4 disaipatkn facku. f 00 pal have bLe mie for silver os

IL'- -- r~- *-'
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I rebt'se <-1-N*lasaaon Stn"~h &Md Therml itndarta O

Bsc peel strenb tme andtem
Qj~cs ij" cr~ 1 p gty (Uh/in.width) tleA1dtn(deg C)t (sew& dcrC)

-br~afhg ANB IU1i(C) 0111a O~t4C(C)

=31 (I on u% 121 (A) Z a (B) n ccQ

MW) us~3 2oCr44 121 (A)5& (B) ITO W Srei2O(U

7I 1 (A) 4 to (A) -

G~s-poa e i NoO (A~) ~ ~ A1lu ye1 G? O0(A1 2 to$ 'A)

I Gheeliz-sik , G-t 113A to 7 ( A) -Sa OC.

Ca-rxG-10 1"0() J 6 v (PM ~ sca
( I Oz-Cn 175 (A) 5 min (3) Sfl C M(019t2)

Gtns-epxw. -10 179o (.A) 7 87 (P) IS arc z
(2ao!4 5$Tv (B) 232 C (a) 3 A~tl1l0C(023

11 ()S rAin (A) 10, sac r8

:j. CA -

- 1a-C,-1J ML" W_____ UStA)A)__

'SUfSxartt AV,..~ (A) S~ptn (1195-8etaio I, (C) SIz-aI Omvs-:

* Ater ttsvrirwcyrcliont55 VD&5$C
4l N3h wnrP!; of snaia'iu C&ci;Knf_7 ~ng tcrnptratuirc tis. net bcnsrl A ardied by the In~uby.

(41A given i 4CoIumx 1, rt1Jd y o-rlarauatrr i clad Iadr to~ ss~ ~c to varititon bete
s4 -Icrs txirwrss'i bCVJceritcgi c(t -i&m4Mor all p4tll-hac lttr 9e trtj £ fl otmujnO m~uCf Ov-

I erv- t%t-penbar oi 105 C.

4Z4ttl ar SOP4 ka- I pren xr on Wave finer &flUn -ta silk- ctw Ate

rhenolic. coductorv. Casnnercla 2llowaibl fronzt-to-
bzck mlsrvciry for pla.in clcheai circits Is

. 2 etntioo~ ~0.015 to 0,025 inch and~ with Plated Mcen 0.02111 to 0.025 lr-cb, the rang- Nee~at largely c-A
20d ii M ~Price. Doflaitim aLnd regisry Quality, 1^irst

lzai d M4 qnkd ps~rasobviily eatablishe&d In a Enazier dras-ing, must he* re-
I aff 6C t t bc spxacing aC~iut 'L tW.411 An ah ramh a ~e ad the ac-

fromn Lc-otc of CUrt~ad and with
rsctto tS .octl- . i may atna 4a-

'o- lctrlnc fiunctini, bls miarr13lltq of Caiducthity and Tcrnptraiur. R1a
Patteril to YAR-ncha! boles is tao-fl Il1aY to re-
wult in f.A]I-IccutV41Cr ulty gloldkirrd jdintr. ERIA l_ htaaajirne crutwl cary evaml tlcaos

- ProjnaiNo, 503 trxatOs spec~fc t &-dftnifiaa awa the cairrent cd au Quvcn slim wire (or t-he
the na nr' crttoxroi puumhea snc, trcrt r r because3 05.4ite

0mexskired viill n agu Mztanco of I inch xang 05 Ibeat trto the1 attached baseO. (2) Thevr ma
-a condvctor, am nixm-t i) FIg. 4-4. Ln gmwnerni, dllfficultles ar-e gsneraldly te result 05 i.

phciioetc had c,oductors may tn1 ie;n~l to onpl rtrNient or bot s-gtea ner tuhet. TMw15



De f ivi i Ia Whiere 2 prl nted deck replae.v a satsl
in 17i 1 chassis, heat transfer from moclied coripoG.

Hio~~w.,51 nentQ miuft b-erlund o e-un l:e- Traps oa f-AtClffustng plaes to avoid loca

J reference

'I ~ ~ N~eon The physical and electrical ctaracterirtc
ofprinted wiring arehevl paenonf

meaeurlmem of printed virlagciktr.Sae o apro lsscohipeltdwt

Acnutiiyo letoyi coppe~tr. tcl o paperbalase heoth ire ieyied ;Ae-

25enli Cn ande thein tepeatr coeficen inqual

peuar, 0 wth ecellnt desiptAon and 4-2 V:ities of clad Gaiae vra hose c
prolmael 0.5 om er quae croric O pa oard penlc, tat gieely betterbe

cerrcie n a eclg shold h chricedfor entl physica pndroperties prpe-hist
FilCamnQDtle-do adr ot eac rrnt pr2rtodilcti trnth a

0.00it85o ove-rhet cneory oy fie re gooad cnare df-ria insc srsut em
thC mic aoto ord0 cned dl l to0 wipn acinopbuheonpird oaua

the ondcto Pulised esin dta or ui' tonufatNoo Li Ae I e pou in al prcp-aDr-
4 1- re l waaith is In cons der-Aal ii dc-ancya

wioll ez' These vation ar itierslv ofca aintxoo hoz t

ca-I ~ ~ ~ ~ ~ miim application, naeywoa rbottr-Peoi templmi 4eeal1 1e
per-duos proirit ofiinal codItos aresur abf 120

boardisaxc conflgrelie of attrnandverica
Fs imnta192sl z menutr Th two mootrcoo- oc

stave eSteoratir riUi ay typiall Nwe go h i n r G'-4 ofn ihres6WzfonV(60m ()Nncoc (1) The vtye o deie C odco~*
t -u e b ffctn thra coduretlea to 001in acino-rce n r A o~tt

- 5ran arse tfec of I colde-r;;l d ipg as ale
heetn oneoed. 1i <'ta, . i

Curnt df-rcapa i t .Ic z~ oerc-xbl im ri-d U? ' eI_ _
ell applicfro , t1i6-jll-- m tompu - $tel i IC P fi-i

tea or nx -lW oppe of p:te rnvert ical

Ilona has sTi~oor,() tha potv of 9rc S a conduc~~Itrdc ui-t- ayln rciaaiy byd 1Cto
di~recl rlated toy tche thermial coP.J-tan'Re of
ut;e n nift ce. her the n a-eiig alo t

greatr thermal t~ costs~ coane nehd hev n sinz 2406 0

*~h 4 -,n tcari -aact byg 155 turi-ar r ct20tyo
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~ 1 ITable 4-2--CUA '~inmtqa W adfj-- =4lectrleg peiWlen'&
Al~r r ~ tn

rema;=~m~ fmt 0 ( 0 reisane pe

IX1P 0. l i 4.0 p~ow w~tentlis

Lfi-16oie LE NZ 550 6. "eeimt

* 111MVk k ?;-~IcP- . 5x 10 OAS 3.2 DOW is exae1Iee

Glaso!I-glay mat0 0.2 10 @AM1 4.0 hu 2

4I f i
Glaw;-TeflGos ojs ono OAKS 34 1oo W0

em eca vams

< A~ ~~~~~~M Ofssiilc >'r at~ 35 ~ G C~t 3.8 goo 4

- ~ tlaw; electrically, cold-p~xtiag XTXP is not tkas Calling for od InuuIalG "AresuLzcthie best obtalnabie. Conversely, 09A XMX lwm str boplnbatrsstaow*, low
may be qutt adequate to some applicatbo&s loa, excellet =eachaalcal xremnghk mi

h 2 EPOXY@i and YlYOsterf Ma Also be Considered u.
~,~ v.~ 7~If cold punching to requlred. W.-'re otherwi1se

- ormipsible, lnan and ny'1oa socks win lper- Wlcca-gi.. cloth clads are waft %tl
mit greater yield wiflxvt ermcking in intricate oitbei? utaple-tibro G-8 or coainuous,-fils
Punching or staking. Cloth gi-ades aliso permit zom '.- iudeil. Wery low diaeoct~ic lomt
I little more forming thsin papr laiinaeej, Sother with generally super or eledelc
bit Intricate forming r'equires a clad post- xnd mochf1cal pOP~f'tIO5P reco-azend tte
fortxn dc.Phnlcsrjt n .o. " atl where inductors c: high Q or eta-
vents wll but are somewhat onsueptibis ka bilty are invoelved. eat reslslsncj Ig hIoh
moisture, but limited by the epwc omfeantionally in*&d4am a boading agent. To some exiths ahl

Oyntbotle fiber cloth utockz are *111 pdi- determines aurtiuo dcba terstict.
axarily nylon; nylon with phen Ab being ot-
standing for insulatiox eslatance =nder tin The polyester glaxa-inat lamizates lie ndd-
mid coiltions and haim" ex=,ent niech-.ni- wny between the rhano1ics and epozys. UcW~-

Scal propertlo.. Its limitaticm is in tempora- tno absorpfion aed loss as wvU a punwk-
~ .4 tu'o (able 41). AIhty are generally superior tothe phanlt.

"A They are used where the better icuiclanacal
Metamine.-glass cloQi cud laftnat wZ are properda~e of epoxyv a"- not ftqvdre4.

for, bet the glass Mier produces greater tool. in all electrical propertles and -tay thA

~> wear. Its mol-sture absorption is intormediate wiay In igh temperature and high hlmld.'y
3,~ (oft~ Table 4-2). They are indicated fer microwave circits

. ~ c oth lad ateri l is~ ei w aad for high-tem perature anvironm ents.
~w-'~,.sup~eior to the phenolics in both electrical Mechanical and TPherzal PR-ortles

and riechAnicz- properties. IWachbiing in ___ _____

I. slightly more difficult than fox paper- A tendency to treat pjlntod circiuts an
ylnili. hen-eral" wall In &Noec- lamnate hues as tlclke they are steti



-s hgwls t trouble. Ug niO Conductors va.bas*wfu-I ~ circais (ated rigidly at four corners my

zuwt that stable. Ncminally, =X' has twico anteL&atory3, Seised lines L I-Dams

a growing inclination to recoptuc that ac- 0.005 inch. However, quite, a few practical

4. Ii pantah cm thermal cycling is not entlrei ca~drtiaB set the practical minim=m Wo
revebl !trprta e as a "hystsresie". lina spacing in the range of 1/8 inch donm
in nmny Iawiates, siz chang after Wc~ to abetvt 1/32 Inch Normal variations In the
pinching may seriously affect the locatio '? an xpo acchaletan 0.025s make both les
holec. Warping and iumAonal chang re, adslcsls hn .1 nhtctecu
o; c;urse, aero a prorict df moisture absrp in IproductlYo, and 1/32 inch isa a yzactical

ii ~(See TabW 4-2). minimum from this standpoint. Bclderbrdglng
is not the prime factor in determining line

Ub~wunw dbmnscmuln stability, Wtbtl de- spacing, an6 with wal controlled sodering
mandcd for frequtocy determining elemestjn, /32-inb ~alnga can be used, t%- 1/18-

4. ~is obtLoiefo in trsritdngls Inch opacings are advised to avoid the usald
A.or ceranaCis nocoptimized conditions in factory oprative

warpamitwis ar traeabe ~Lines six ed 1/10 Inch on most coppe dads
the fwmdaieataly different properties ofmc i hve icsnace abo t m per whnctho

* ~conductors and lnUwatlng b~aw. Consequcitly, Ti nr~e bu 0sretwe h
single-wide circuitsi are far more ucotble spaing Is :redwced to 1/32 inch. Unvnnta

and Lrge tmdutor u ~capacltatlve coupling aeetz ca be Jvdgoad

* sbcandd be liud b eas auoic oppoma t nrye ql
claing onahe renerallyou bandies anc

aloneet'e S Icise maycallfor 195 aret aa fllws an or drated fo 'Iag~ fo
N~ ~ ~ ~ ~~~a lt~aleg. TheA om-anareai- iuia ~ ialossaig of printed coatin fo

ock ca be chute ecaed by owti ASTMD70 -; leeadbain msmu avlbtbw
flrscrl a~regth e! kully adls detemine a~robyj~ ASm-Dnh0 Cumrcalyceialein Codto P spacgfor prain asm pat-

IsA zAr mapaye givn iTable 4- 19r57 proted - E aolow oriate conspfors
-Acin mitebn wM, ,icis ~ catlon heretiall of eained aoneorafor
4.. 5 thlawaeiftIsoce. IsM l n erfee with by

* warpand tit 'ogtber.This cmbine Ifec Voltages OWC or Codcor Sacingsv
I~~~a i-'t iune cid crret standdtrsxtards 0?.Pa C. J.oeerd

vrk a e c-pecaizd a d shrd be d9-50.03

9,b Ag -7*0 I o itiCommiaeralic rct glass - Conductor seaings Wo uprnted ;rtng a

w arbl wk 4-3-Cmsetai ims cned erpa Votages CDC or Conductor Uaciags
11 ______ th-ajc fcre4 tnadzto f Peek AC) (tt, refrred

i4sb IUA mAtiA tc (hiomtt4 War0 teow 100 -At

________ {in/l. c Is~h)100 to Soo 0,0425.L

Tk ecpo -ea-~ b/15 0.02s Fn Beowete prite wiring, t0.=p ere
cults is- ver appangse give abved shal beeqaledo

InIt-1afc iha ~wcO glass jeh Condctor "benvefr papermts.f Fortlapp
1/4 0.004~~~o ato werin secondryshotcrutstc

N"es.tctjr ads orth( are prodando whzer th
-. ~ j--oam normal oprain po'r sgrnertan

Pea .C -iMn

BA% maera .cne (in.)



saenl given abe sall be doubled. Specisl. -.

aftntla soul begiven to the selection of
a base aterial wh~n the inpu powver exceeds -

quataly iweased o rtcl plrfh
suh 2o equipm~ent operated "i high altitudes.

The caffci I moatr o rlnted circuits X 104

resembles %-.1 of its effect an the bntee 0
laminates alone cnwept thatwben an adhesivQ
113 present an adhesive layer lit loft exposed
after etehing. Therefore, design data utilized Li
should be fo~r etched clad Laminates, ss in 0

Teable 4-2 andii 4-4,ipmefo orary ua.

C' ~ pereire a ni t laincatstnot subjecatt

thing p In sowng in3 Mg. 4-0 Tisdatain

a~ compilion reeal v.ce ove teseting ~ o~scain yee icor-t ~ ~ prgas th pore inuato enuac ofewxs hci ewal r ut o

ofniarca anylic given~ne gllade otlaiat o shae 0

of e-yl on seific errpano eal~i HO llyo hs ee~l tc~URS flb mo
Exoterlec hae n'ogw th ~ate th a xen0v phoni.-

huingcht vey wm aily inpruced than Ausi Fotig. uvog AaI= WabO

corroisive" flux reo 1etanc ove) theag orea uuoues cwe ctut

aroonlo pioct pritedt protecio v rinte cotn sly fpnoti~ nplt~ti

aodstur pted, me'xvlike adequtl, thre Isno P l4ca~.Teear datgsadcs.flux trema if ths Peuxar hVs uotod there
nivr ountors to pr 8qilr Manch ofteeftialcmdtzrtisc h or
otbers, hav abw tta he e- ni chot bialy th epm pon coahlty of the &r~nuxO

-- 5PC1115(t~) XXP (XV M1~m~n-gia~ Tof cesed- fo pimmvitle co spclng in

in cictov i. del 0.86 enoi t.he s.ue-bad scaereato fth ee
eel*'-jfous ofec ofo bondur layo to iisre&

Chng by I wo soje paricuar -sludgu de Coating am at& eto redc (1 tat

___~zaa _____ therec b 5~2 eent reducten I

Cotn PL -i-f.. -r o...

inc spcn)adar rI



k ~~~current-carry4e capecit of teaLk~tr

(that eored fr znloaacenps, c

4Ithiat no ,mznirely pret?nt3 t2 'o\t

* ma~~Tyalrelo. ei OI V'lity of a coated or 'Ated boiafa si ablboard
a. to questioned, 11% a~ a sult c-T haat grons El

asoldering Iroi (,or a porous original £eatihg), . NWW L eon 14 ar~ olJ nm he She4
-expos.-d areas remain, iliera lo I the proba- _-qmio IC f ,67 atfl Ulity that moistre will enter the 6 exp ad ~ pous

areas; and by calllary acticnbecomeon- 0 o 20 3oco0soo0io0 0g 90i10
trapped in unexposed areas. This is at wors cM

4 . situation than prevails on an uncoated beardi
from Which this moisture can evaporate Ao letg 4-7. Curve eowm dielectric cowdtat ms
the temperatuAre is cycle&. frequeccy for aersal- bet-s marial.. (mneca

I For these xeasona, Bnn-sau of Ships, In
. I eeplng with Ito policy of requrzingecompletely

cal desiga values are shown in Table 4-5.rin oresamle'rfennotdrac uw utntaWn-ss sebyct yt
Line widllns greator than 0.010 inch an*

Yonr other services, printed wiring ascm- snOro coot IstontIP revroduelble.. Distpoatea
hlles may be completely potted or oncap- lso eesoni Tae42,nIti
uulated. No encspaulatlons or potting corn- vaito ofpwracrvsfe.unyI

C pouads hae boon) specifically standardIzedfo Lu' heasn W ig. 4-0. The Q oai2nable with
printed wiring; thiese In general se for oto inductors of the A- to 5-microbenry diea May

tletxoiC ccetabo.be as high as 60P to W0. However, Inductavs4lcxol aeobie s acoabe broadcast frequencIes hmiv prohibitively

lo it .n severa clad lnar-- TW spaing
Mwo~~~~~ra knoic4" Indtor uavy

zqgn deletric contant of 5,vra k/IAS-Intowhch tlshe5'
Inaoi in 'Ai Tbo42 Aha vr

yield aibout 20) sem capacitance per srG In.; .AnmoawdngPtb fZ ii
*through 0.00-inch fleixble glass-phenobes, (co im, width rlua -one space) and a rtle

capacitances oil 'I .mt 200 mmf per sq I1A_ ae'gor~ust Adn i2
are obtanabe Capacitors of the comb typ5 .Dawaln oehteptc n /
rig. 4-3 (C), are ifiicult to guts li ' Izo rteuaits-ria terfec x
tos Iringe capi-Citales, e'xceptl on the very a.l, Dray-o a sond -ine ro th s reflet axii
las-out 10in maerials. Cesaycltvr areas1 placed ~ i- etnd ntedsrdbdcac

* at the center of nductor's In trapr and filtero
may replace an eayelet by calacltative feed tenme un erda

4. hRegA th ubydtns od a
t~n'os~h..the potnt od 1nterosetlon with ttA turns wcale.

Ilha variation of capacit-nce with rcqueney
is calculable fronm the typical graph of si- he £ollozt-g formulAsg derlvi.l 1=am tins
lectric constant in Fig. 4-7. spiral coil diagram are helpful-, if other

vadlle are ie
The dlstrltn'td 105555 In straight line I

* ~~iadicated in Table 4-4 and may require xmpa- CO P(lt)x irs
4 ~~~~~~~rating high-frequiency conductors considerablyCuszsdaer-indeimtr

7or introducing intermediate grounded lineri C" u'- ticWr niodaee
I for shielding. Only the lowest loss ariterlalo

.are practical for aticroivave conductors. tOtid lSunelc-< aledaee

4. InclusIon of Inductors in printed wiring,
which is practical at ultra high fr-aquenclet.1 * C atV in _1W19in depth.

I and the higher portions of Umt vhf range, tA Is vth averapo radiu

I.'



Table 4- -bbdumanQ of 7tched( SplraUL( ~ ~ ~ 1 f

r.3cr~ert. .D-W ~ Line widgbw qpaeu ODS
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3/4-/v 0018 .03fores motNINzed

3.0 1-1/4-1/2 0.015 ~ O -"-

For silver ceramic circuits at 1 Mze the-Gos
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factor 0.004t. ' rI _ ping 2-wicroboury 902 04 M0C07 09 %
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AtI-pi ~ 5t Wepas Ai.o ,0a id

O cP f t zflOV2 Fi 0.000. t'~~-a pvd A La mi 0.S&S-1D. &AMWu Cirl

'4Ceramic disk ez- neftco IA, bw je r.. x 0.0w wD. or Ito. 20 Wire tprved 0.2m14 tA. er 0.375 in.1

Idlytc Sprtng Ch~ns Iiisetrd i Wets or b~e zw-.oCCr2to "gah idt nao fgtj~ flrn4 d&4CUMached to UMe arO OCcaSlIOLY UAw to hz- ml, or11ycomnta Cd4Oer 1/20oli
prove this fit ad time solderet Jakut a9~.rvVL eibnId be tied to flw owd; and in thm ran .'e
Witlh reard to syoloto, IWm*ea, vows sgl- o1 100 g (ftccoierAloc) 1~ 400 E, onaiior

Y An reo an oppxwod to their woia. 11ndic- nporc ea'Ionontasahmtd bt propely tied DBoaIsr
Imparme t-,It board andm~c E&s P'aej"ed In edge Cor-tectoro, 7 1 4-12, negd

dZ tim -- 1r tlisi irprovocwa~ bclvben kawd specisA attato ty cUxmplnq at their uper
and IV SylOet. 1 WV1-ell- joirfti Aa Oj4

regardod as bsa lby inn-my.

1 et. ield-- o yrtaegiryintdcae thatl Wet We achier ma Mic! ny.2 vb
byoa sosmU ~thiv: deoaM pn aon l-7 D 1,0tWf,. D

roquirma ofa late Datatd iecl for (-:xt Cdol aoJlao coiti OnS.
Tird o, thneyrnswt a he r* elet £kyroi Elm BEu,4 teriperahnc cadnlyud ttory be dro

are el~~ovrn In Fig.7 C,41 he a onn oc wt iat&-hs9z wiring tht

xiellMbchanler~i con -ton stxn cmetIU t o2jro 10 breuer tftoytndrfrow

lea il m " gwiS.l aifa A b 00 ackdesa vcwy

tzia onI-LTadrM9Y-. o Rot 111.to 0 rthrae rqumn-slr ctinea le,,F reat it'ac a1 to2 ylweeCaisetdaemblat
bath ivzi

th ol z alp:r1 n Vh ada fr-w q clot yrltoteprtaror '0 V adv W.d
elecrica kwvral .-WM11Dgr' andn thel sfe hontu bem kept calnnot

aore tom Irlvla d pulling or11 peimn cleao wit wirig e.

the*- coaduota &Imee ah amnnting eg Yig.ormi
4-Ishoo waed leand rbet" ;av thentmoll odicr er lbette coneo --eat tratlt npas(to.rn ?axaror of 2ieh2n d. soring RV fa which

Meho beur , l ea e gh shoua be-4 withen a eene. Aill d INC crln be
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IA '0 Mi wit Pre PAe r than1/ inc to e-
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caramC dioles in provld board. Bond

i~~l~~lar- or cnrt i mp~i n bottomro

IN Resiimr- Bait mo~vtleg strap to box-xd

Cs~~ciholes pTdmrovited in c ircui

~kctrvBond l et,4 nd eint~ in od

CApsctor- Bot onin sta tediou~ ba L0

n bor.-Inhgow

r-A NoYe in bm-Irwich ilLowa
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Tki OMa4 S lnges bent iable' through orz
.......... righ Ln ItiI.

--evthe~ zsFdr for tin

jt ivy
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<2 -Table 4-7-Method of Assem 4 di -a,2~ (Oc

ompPnent Ar 'MomC
modifiled form Actdmtx

for 61-. 'aoWri(3 ft tlK 2  713 No dot :onlril sanw= a carte
wierra) zd, rciLia

Coils-. J J~nt an 40-rd in ConvezliorI

through Ac Ien cr4t

V:. 2nttnrn (:, o"Pvaiba cfd.
Coi?;- Mon to bozrd in cconta4A.

8th!3h holes to nwat; Ater.

prtntrdt0, onan on-$ 6kto fis nUuadra t

Ct!Minits -
0 mveten Caln a 'ce stofi

Ueuslly nosdto hoard Ll

ture 4.%~e NOojvantilnal MAnar'..

!7tl:04

E ,o by ia e nao o printedi iring, i
to dvlaabie useg atn utcuc alloy anM to X!n e ,0recc on tio g-grli

coto conttudinaL-?n entering fropi fetxa of caldorfit In <octroic equipment b
diecolVed from comnent loads, and Lie Wt.~ fou-WA In t he p2roceclngs 9 Umo EIA Symx-

wihmlgM raia Me inelt" yr e fA- o'.j,7
mmcoitioii. aro preaw-vod0 by u"e offl2, td-ir-e iadn andi by j h _rty wringj ad notu ax-ma ma-1Y bo) W)Iac"rei miebyi, nt 1 the

prtnclor plate Normally, dip sold ring f-ao ~olt12m; Wax MhE' rodvs'- V
can be* performed uatzOttyi s a~ onasgam~(ainsat (8)
eecond , but any depar f roan M2 inoz
favorable conditions lncreasee tli : r.qured ~ U lQij~4dADP-CDRI
time. Von he'savy componlent lugs~ U-1y iel'eo PW4RQO _ ii NDP- KVS

require longer d~p tiL andul' posil hl.4i P eatri" -itd ciriuite, the choea oa
b-adx toanperatuns.barn smator-si is the ftre conewi~ratiN. i

Wiring boardeo, It not frimshly oh od, -. LC:esotuo inic&alli e
chs'tnicnii and eletricalA Properties zgplnoAt

quire prokerction oitlor in the forxI off electro- uts urziciflc eulomnt iimno n coAt
plating (solder plating), ho-I tt"A~g, or rc hlt u b h tn soiae

ofEmil am byintreru 'wet V'A hcqrar._
The proecting metal should not h'e on*~ t1hW-r nt hi;o hebadlii
will Impair Ubt 54M9<-r La Ote Pc's -9 Im catty &l.)and urxmn the amber at cirxiut cor-

letes vonn;;§ nd ti-no mo:'nijug Uapae smalsblo iW
t1._- ciquipxnC on 14 -atoa b.-e da

Thereiy nnbliidnoc rosive fi ifn to Xrs, strengtt -aers, mhock, vibra-
-WA roi Un fMuting eal-on "ic-,4 ndla thamper-tAffec

is too mild if tV- parfe &4 badly tsrnfah zi, oL- Hwlt titmeninon. Dosigning for ouch-anical
s~rott tU1th laminate in a rejr aco
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Ctntcsjr'z -- to scpmtsl- On Wiringt ito mcre 'The 8ruL. ytaa~nml' Is cc.
ttza e rri"-Od IlTW ni4r Ot1Mit- V, Oqcmt7: rive te- (h1T vlor:ie

tmitlonl cm~znt g-ou--3, 'or easier serv- wut. mcril perc, Able oW4-adng taipertaro
Icis-g df t.1e 3nim't hteis also r'after- ci i rvlhtv 4 the w-ndirm vwrmi G*M

~Ott' ct 01: a mu laminate bndm t~ odV(3 t ufrta twmat
*aeew'lc4 Vrizr 20W rdatu :; te4 -S in Z S'vW01a41 ALo.

by pr"essigd aod by ,owmbH~egq tr'
Bo T*)As 4-,! TW-- rrQUu gtv. -o. abowe for Owp CA(r _r4?-4~e~ -K

ae trasaco ':to' vL. lnkmgc roar 0-7 OWYO Wit Cd wt4w

reTASgaar. may &tonio typo kx uW.CL At bar.~ ho) oar-f~c
tonllal to be u4Je6. Tha nchs"matWc oil.t nittvd 7=1, ci nWr )4

a 2d P,-C Voltv 'f" WcTn n any Iw c "xacitr 9 tra, aal()no coatmingutnrj -r.

an hnpertwAt Y~r2 b thnc tciI-t 01 the i 1 . __ __

Hig %DIOIXJPct>.riO 2-47- i~ t~i~ A lio- cal nn ecada to laarCi ~4
Nhly CS~f t cba2av VA'2--43 L3T,A 4

naoalIs probably moz-0,AtM3 'il;. i cIxt uo c:lrsydou.z~ti o-

K ~~~~~~mtric presstwc Irn' I;X "Men. JI htl OO4tfrJorlge 4IaJrt ldes 12 cauoo jos, grtial' arc-OvG ;oetI
but7  Inal potlng or vcbtn may Vr I.Girtoncdtr owcs-v

For~~~t~ aUnodre od~po cMIoL.3oj ism

Inps;'vo 2.S Deternilo -Z VA _cI ofvT'7'1m r dorb0 6t-1
'raz's hatcaice OC l -ilm' Drtoinmiie 4.. toL d'txr

tempo a cur U fo"r C cc sI nor ranc- ble W'vpt aty 1.1w c5 rcen Ia y tha the
aoried ig4-4 ue-trtncomly fr Usnim ara-pr-vonayrt r ,aj i

u, fr 11e 0 n o cmdctcr I@ ~w Ablne3 o atatig tw A vzzra-

2-car the (In. Coaipo rt tp~O i. ol C2- iC h.

Gea'A 1691,AtNA m 0 0 i

Fro A i 0.ew ver'vlcet~d accewt 0. 10&0p-el

MI m4r" frr. 7 41' s -l 0 'M-4

-4r'.~Mi -t-a ---

*A .w .1r~c acc 0 --ppr



- L. DeCid. where th. inpt ad Outri t~ca aczev32Ary jaari with the radcr &rW~~V~z termitrion, cbotd be hrazted. an ft final circuitry ix a dirit piaotoraphtr
411t & lm C-ockets beglni%; F V

preatinately vith the input gtza,- and fbowiorS
flthe or-dar d tbe ochlauatlc (left ta rlgti) Platerinls use6 for a nmter dr*rin4 mzust
.I tw crtp. Lweex=Lvzrneiysood fioisli and high catirat

4 detrviined byw xechanical coidemaietwl, iz.- akimld -he drawn wiith black Jnk W dlmon-1 .Locate & all V lrecomponent as cloaely board my be unjed v4sne d~oe tolerances-
cludk3~A ealsbnc~ig. iol tbeaet frslor &lime d ore, b

an poatbie to tbeir schematic ordar, are not requird o orlatdstrlnb
9Draw a tenltlvea layout of the 1S W~- lenipyeraturo and humidity, KevuffuT -an2se

brokeq ccaductort, such as (1amen ad Z nataeo or dui Punc lya .Ltasnw

grounid. Ue the Inoulated body ci thi ooa,- preduiAble rid pItterm io rocemawodS.
ponentz to salters croocovercontis fr

two-gided patterns or wire jumpers by aiv*jTl rg"isie, bcut other OcAle may bi =64d

their anoocialed coinponents so that the leads5 mvet he mad,. The ealo, eT at la ais

are ioated. ilize groundeod (4x ofPat- critica dmealcn. -should be -arly i-
:. 1tern bo-,een the3 ppead ri.lie to sct dicaled om the -r-wr asn ul;oI orO

as an electrntaiide thield. e-rin
mt ~11. Complete the &Lign by7 Prfying oat ZA

Rearrange compzun-erts if nocaar . sx- ine% widths. ai 1/16 rsd 1/3 inch are be:at;
tors may be uhange"d and rose-raned; t.at b7 tthe nirmum Practical imit tiv Q9 inh.
followTing the simla principles o4 thits Vsi- Numrrbere 2-nd letters sthon hei drawn alt loast
proach, the chang-za require~d should be gear 1/0 Uc hih wit a £ctanlmmn lAnswdho
and minor iz nAr. 0.020 Inch wene ritduced (0.015 Wnch for photo-
I eoithe). Holeg centers, -,hch ar- nertial

.9tce Laut 01e1nd latr a- asL sicAting guidev,

Testing~~Wic stzd be3 bhckvd orA aWt deuignated by a-
i- edor-ble to tozt ilectrically this fix-at whit dot (0.020 finch after x-iucicn) In-h

it breadbwoard model. To do thlo: (1) aelect a cen:teor of theo Land p-attera. A cross zbould rat
111 ptecl o4 tuncld pl'a4tic a the typo to b oad be Vuseti fOC hol49 center 2eino Sa tiwOO

cut it to Ohr ixie and :0hape o4 the cardboard te-nd to 49t, unVenqly fro pic tople.

modeol. Pli-ce the cardboard over the) plaite;
-ihA scr11iber, inn-pin ounto t o-d he plsicb- oal11 ic larger the hole ars.L 1A

ceniters c? qil holeso through the3 cardboard thei actual ptited circvit pattern !hoNmld b4 r!

n-caiN. (2) Drill hclos In thea platic. LixcAt to ti-orcutiu durLnug etching, tLha actual
hai-cheeno and compon-ents. Bend pigtail of dr-awing qahcxdd V a ae 0.002 Inch cider per

* mal opone.nt Qt right angles .1-J P_ h 0,001-inch thickaa ei coppar for actual
* thoug hole in thw board. (3) Makte ete- sierequiredi after etching. Filezts owld b2

tcal cocticrxe to all componetst with usecd at zill poir;s Wherei a conductor Ine
soalid wire that may be in slae oras-n o the terminJls-n urudn oe
S ulatad. The !'-h of the bus ires asoald Bordersa not lees tha-n 1/32 Inch wide shoud
followv the r, Ached layout as cloriily a outline the boardM on the3 rranter drawing. Vt

*poeinlbio on ie cardboard model to slmuas the* border Is net to appr -- in the tinshed
t- final p: cied circuit la2yout. This -model. product, the drawiAng riuxti be- n-xad so thiS

-:can then rtetded oetrically ad furttor thn inside edge of the bordemr is on the oktside
mccftai should bfdr-rd <3 Jte indicatd .iw aer than N/3 cInch to

I mnolflcalcn mde ifdent ed. d bfte bodlad aho~ fi nd No3 cicuity
Dr-afling the Maxter th3 outside cuge -r the part unless it Ise ab-

soutlyncessary.
Once the Initial design in the broatoard

h-s, beco~i made, the black and whit master Two-sidedI pattorns trebet mad-a by draw-
may be dr-avw Ra-idard tolerances czn bQ tug the inott critical ula fi-nt. When opacplo
utilizeid to z&vantage, qtj theste are farly board is usedi, critical x-Anta may, be located.

wal stbiahd (Table i-9), Accuracy mknt fo tescond Aid- y ulilti ntbi

tv:~~~~~~~~~ -,...' gaalst o h dLev n n--

4 iI IV



throu-,gh the heard. The "eMad ipattern cau be

Locrally in-n to the Nec side e?. Jm Famo $a~
shea-I for prcoper registry. Edge notcho .or .....
t"o specia guide boles in th; final dlret
iaymlt masy bo r-equired to earrM gvr

tRegisty I labrcte.Ws , ArideIN

A ~~4-13) by E. goiod ptltkA Bysftem to a ablxe -'..s r .j -~film base &-ach as du Pont Kironar. This aegaj-/

4 ~~tact phbtxuriitiu* to the sensitIzed claMn-

V We Wt P vnery druia massd en bsno hg-001 nhpe nhdeedn

pt reso elaitesvt ca " an dre 7 gilnegrdinghehr-
fl shred,~n s Wan, rout ac, and wheitesd nnovd t± lac

D-~rtiix.Carbtde ip d.rinlt give1 bestl er- tare,. adceindmeioa Angs
torens orlog un an depbeenat an acof the grah.A %ul (ofenvilae

isCII~ moredosrabe.

Lipael clemranc shouldUl be-o arc-an 16 degrees-.
st u mia e us-ed it 30dge blp, tt hcnz4h dirmeter &r,12 tonehl

dr~tmere cused a the highet aed tptrlbie be~c o allwic n totnax haly -or poie
without ~ ~ ~ ~ ~ ~ tci btnig ao 1/4-ich drel at 50rp oeatdthe guilotl=6 tpenan-

to llnr 10,00r fo ap No. U 60 ivhe btoper-e tremeand efficin wheeo wrin-ttt r
fomc ce, oforie drum -An hoe reqired.t ivld. motiezerashatA rule he- vated-

G-au-t'e oonfi@ tortals reqirey carbidedr.A in pito cicuts2 tat t% ~e h o

stt,7 or Bankng hoau" wts 30dre ssal lip n . Pp-or- oirer v marl-tc-lm ±ntia
pnlhed for;UUilugeicant bomt andt us el 01myobC.1nthe * ere closet olancjao
wlarmd t ar pnchingW poroce&sesare enmot radgesaeno motat terieI ~ ~ ~~ use wl p- rsould co apotund 16ormtL l-owguncruarstto ethod
sIed asc h-2igh as 300 lott-ekesi -permute frc ve chppn! r baiewel s eial

imuteup_11uiC' theP MAaOn oven-IP -of1 m
m h ede the i ece tor be Mance Ithul fo glu! r stc r alelyis-re

wit th eapreeio sriped lat ar se- oF~h-iT~lutry is~l cop.ica cl. May
drlls are atilalr time theh cicirp:uir oene-rpue

but bet euls reotanu wt copon orh slid during teoralicce Theo a0vgU
dies-i~i XVqnng stc Is heatedri lloanc 25rms c~eatn olra 1* extremlyctal. e1;tzIs

be made f oriNo,&0; bnkin pulr~nts srbe oaodpoifrzugort
thud 10 o 000ic mle t10n th wrel pritdcirett ahr r c-ned bet

;& a cc -, ocr~ze rilr, -rqbe eVg ntolecd conesto ma e ade, P-to wmr Zxe

- a-is of; cowe thint blnk ax-end span be. 171 hr~c a a zeadI

H3 rid r~ir cz.i -s . -
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Table 4-9--qtndx'd ttdCrulTctn.e5

XDrmed.....................................O~

Puch& l~ i.L liX p to '/4-tn. da ...... OMAs
-/. to 1/t~i d*.. *OG, 0.

j W 1/>l. to . ............... *O.W4M00O
-wor 1 -in. di............. *Q.00

Add 0.001 to &bow fe ior k~eea o4 3/2/1:1 hio. o- 1/83 55.

R4ote ~cd slotis aTd, oolrbee v* 0 ~ q In ~ . . .... .. .. . .. . ....

MiloxeW, acbo;xx M olcIn 1w. 2I1L....... cil.......... t0.m0

0 ~drlled cc to)cri l:
Drilled, p-q:ty &r3 .. . . . . . . . . .. . . . . . . .
Drill ed, F ...... ~

'ud ad, V wpc bm o. . . . . . . . . .. . . . . . . . . . . .

Lcatimr oc~c.c s~ tb4,wig, b Co ll

or wptccQ
Drill by tyaor w i. &I ary" &Wl j~gv .. . . .. . . .
D.,i11 by xmq ri' or atbori-rem drill jfas .. .. .... .. ..
Drill by ji~ -bored S rdteod drIM igs. .. .. .. . . 0 .

ihnch b~y R~CA txp -rogr-atond p~z.hk4- irhbzr-q 'ki 0"
punch try .. .. . .. . .........i~rc' ~ n ~. . 00i

Pvnh y ~id leci; cl~~ cid oe ....... o l................... .. O02

Ad tO.L -C for -ry bmch over 2 lia.

~-4. Hol, to nct=zro rvm-o.cv (we. 61M

2'Dr~ ye-, Wo pam~lt- (t~vpl rwx c*-y.. .. .. .. wlthtl 0.1

Dril-I by lt-xpocayy drill jlgs or .... .... . wit 4x O.Wo -C Itui I ..O023

rIlu by it .. .. .. .. .. .. .. ... WIil.A'i 0-0l wit 0.oi
o co1er 4: ciz-rr

. ... Drill by ss.~l.w VIP-11 6DjL=n I )IV . . . . . . .. wilhin O.O0l

I] 1u~ch by RXCA L- ramdPunch............... l!Mo 0.Cfl5 V4 VM 0. 011
cd Lew k =U

Thnc b W.~o~omo~t-xito~"at.................vil 0.Z%1',l.1 0~

YL~nzh by c~aeo cl ll4-burod use-plEa ............. vibi 0.0l1i vi fM- 0 016

PmXch by St~x&,d #SLorotpc cii . c.. ..

IITS



.4 5.Ci~reuitpaternto~treac

Roued fte .. ... ... ... ... ... ... ... regular 0.01; premium 4O.010
Tamned 0.0). .. ........ ... rguar ±.o5; premium 4O.00

X ald edgs ...................... '...................~~

in.aeousie sie~tble rafn3 n rW

W6t pvrollgresi toien±ofti
Swtd eo pdge di. . . .. . . . .. . . . .. . . . byee./2 ihjg*.
DRile nouted ............... reua±0.010; rmu 0W

Blaned endgred ..... ....... 4.03pu0.1pein tlgh
Mille edabyjge . ........ ................ 0.005

1.0 to.0.0rgur . I.. ......... .................................... 1

Wihporsie it T..... ................... ................... 1.1
W in dth po nd a*i i . . .. . . .. . .. . .. . .. . . .. . .. . . *001
Drle an ro~ue .. ... .. . .. . ...........................fa ±0.010; rm m ±.0
Drile pand, roulv oe u~a.......................eua ±000 rslo 0.0
Saw n, it by/o eye .. .. .. . ...... ................................... 0.o/0

S 2W by ig .... ... .d....................... ............. O.015
T- e.ia .... .................................. .U3

I T~~~~ .4 Lin vbih WAcieieo e ta il-a e ueti b 0

eve v z ter , exclsivof in'c ...................rldreu coaling, pbu t w thi0 .om e
lin widthN-. and /o LI(~g cLek, nihl-hd n ..... ..... ..... .... ... ... 0,

Dee ~ ~ ~ ~ mlao .... .....f....... 0....Co0tri I hs cso ci 2le ol rsle

pr*t A hiigh-peir- n mavy__t A llredute ahi bye bef4.033.IUato8oftelieo

evenwith olh oinost- -q~g~ gnerae ~llt mlangc o recoatngd Nickal bltgh frouy
ca N-1 abnd nl' ?~c <n~ Phe- -rhodium conia n mal nd baz~ eto

noflc amlnaen ma be ~ed zc*;iuly for a dvu tn Terrmbleft -0.fodals. cb

buttr io~.~os re idictedin crivn- uIn tiree 3~o rand 40ve faoil gcvo ther.
effect is1 cuomulativ by~n crzaInt tod blarue wo opmneratedi withe cotc pes

printed nwiring, 'Fig.ut, ay~ brllmn b lo -ounde~~~ctr wearul roixLabos of V br fe of

noly be reduced bay loatn tse ew"Sichy fo rale- nTal -0 Cl lyick
lownt olosger,3 btgthe an arcidt ors tW- nu vrFz ltdboz
buehs Aulative y thele-bmybwltdb t -boamin and abulngIntrstc Petin opethe wither-abiit of cprer
rotpr opt:ioati may o iiAetai'en ctive n- guen between 3 "dve 40 Nor:ar, gieth po.Ai
menU tl oayild ah iruts,~ arcan bugb=0 s;ior, can bea rols a toah; cor efor

mlaiyto witou interferin bit loatngtt oiii le

liteya twit csn and Vomatorsg ineqrsnlees tnein ot ra ity oeracopptr

Mf Lu ufc desilgRoimI the ccan cbel pprised toy lo3 coffert hd

enduring platderae ndacpeeal well in utcrage. Plating azfter etching., unless

L11 lus suracedosi. Rxxi~um s th c= .-dul suprewaalofo_- cd

t * . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .
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Tutbe 4-lo-chracteriatSWs at Printed Circuit Switch Plates

C34 to_ _ _-41/2-in WI

i1oLwe Phedk Up ng Lif rangeo Somchnnn,
cor P0tw- plamnOO Typictalos a

paternba"(rm) n rvoutins prings, uewn

Raied 0.0005-in, nickel Phetxoik up to "D0 Up to Serro necbanlomv,
ivith 1.0052L S7o evrmi 50,0000 coniMUtAtO, Slip

Rllied 0.0005-in. nickel ptioeciurt~ Up to W00 Upaxl c0 Srveh .poa'dlows
Miiiiontho rtv'dium 1 ____ ~-____ ring, tppPJJ

with 20- to 40- bLack ~i-50.00300w torqtke, bouncaies
millionths rhodium Mioe sr~wxe 5 -iktiS

and Insulation. For thoioo roaino, teO yeiei0 not elltar)biug buai' &iocxv
- - are now in uegs that esolieloy plt With brvakou of Woe or eyel-A

colder or gold prior to etching, and use 6V~ I finishetd circu-Its-
plated surfaceo aa etching rosists. A eum- lo'v bond from zolverA cleaning or bWLe

'try of a~vantagea aa well as limitaitions cil blitering from hot binng
coatings iq given in Table 4-li1. Gold, If use~d, bwO vmdorcut duing z1kallne clepuning c-7
is generally plated thinly over plating rickeu plating
or tin-nickal (b- er layera againat p~atig In ~saatnbled ctrcuiAN.
d.ffuvioa of gol into Vie copper) to redjce lseigo o oddsnt dri

'd blistob~~ig or elairvbate- oaldr
coat, warp duo to soldering teniperaturi too

Special Reliability Determinantg Iento nold!Dr fAllet
poor oolder cnplilarit In overn ia la,1i

AThe move commonly noted defectn to be ea- corrosive flux uaed
cowntere ;ire Itemir~ed in theo liat boW

ci tma i-re not so generally recogn-.&Dltrosgiet. ncennpc~
For it~tance, In Woe effort to removo oilier Ing or punchinig, hydrocarboo oils, grep-rs,
conK .. inantse, deleterious solventsaeotiUn hoiae ~vnswl taktebn

-nderetoy uce lamnate, parficularly csie of the idliconcG.
is a G0 and G-7, causslng e-enlln or lea-

InsYe~ionDefctsparcd Mdhofflon of comductors. Ketc-nes ara
Orinry ________ -gener-.?fly recognired by INMA as siaftoati-i7

punching grqadea. Mdboolves uped on some
In foil uticd for concfectorn -~socsaean afce ~

lea Inluion Piimc, xylene, or chlvrtlnated compotteds.
In eche eonuctrs:Trich-lorethylono te, partIcu)larly su'ipect OTM

plnhciezq or notches due to thin reias when other related deigreasers may bo toler-
atid. If doubt exist!5, thec vownsivity can be&e-

blioersduo o oer akin reisitormined by checcking the tendency to banticky
2leakage due to alkaline cleaners o ail zr~e rmwic h ea m

warp diue to basQ Mtock or LiiuLdgm r apenrac ro hc h ea a
scratches due to hatndlIng been mechanically rlpied, or more precteealy,17y aveazauring the pcel strength k4 25-n-q1statns from processing or h.andling i bo-eudatr3-dmtepor,

In fabricafed ci-ectlts: 1ibeoewdatr3-imeexsu.
drilling burrs (due to hard spais to e1t-*

irolylic foil) Plating__chemlicals. G-5 IV MI&Cejptible Wo
dliiensiosal chanpges during hot pumicz difiu cds hT 'coe etching In HNO,.



3-fTable 4-11--Solderbility ta Deereavin Order eade-ra& a defllnto reliatblity haaard to

C~atin~ Lmitatj~tpr1'ntta ujln mcambllea and miust be co(i-
1& 5, c~pecially in equipmnent for uae Wn

Tin-zinc plust zinc Wentft- jeiniswt UnII&, 0-153Xt8.
Gold ~ ~ w

gilvr (cean 3tots oorl mn z~u2auo. Multirple-bo ir assemblies
nuv~~~~~wa (cjewn Otd O~1 ealed in stacked, side-by-idde,

cadt~u clan tores poorly spkwia in T, H, L, or eggcrate arrange-
Cor (cletn) Stores poorly mente. If bavy components, Ific power

Lacquered copper Operas irretuwv irir a ~mtded on printed boards,

Tin (ho diyped) Nest weakens bocAi they must be miechanically bracktd fromi steel

gr Jdn 11%. No specific structural guida
dddr izept (Id) Poor soklerint ogva but all multiple miniaturizedCoi~r (o.i1e ~ Po odrn aujsewMbiea wAst be rigorously analyzed for

Silvr (A='abe) For nld~bigmech~nicol as well aa thermnal peorformance,
Tin Platt (oxditzed) roor noiliertr4 ac IovSpe by Basslar or tested out by thm
Nickel rle oo oatrs proce~-n .r agested by Hannalls and Caffiaux

Creomu Poor ooI~4

Poo eo~ern~Repalw. ngmorienc4 servicing can lead to
Aluminumn Poor o~drlna wouF~n dozx in prin-led wiring; elementary

repaire, &---I as teplaing a component, tie-
wand se3,ciallteclsiiquoo, principaly in &ol-

Any polymer, and particular adheviveb, may 'nrn Fxe~iiatb can ets adn
be rfegardod as softened by strong alkali, un- tur c 1zta; drmNP4n equipment &om-
loss proven otherwise. To come extent all times.i' ie bo:~rd#.
alkalino electroplating dotorlorate-2 insujia~oni
and to bettr when geocifiad Meoro ctchln~g. 11n !yasb orepair goldearbi-ZRvrecurrent alkaline coctroclearmr-3 11" ieo i~ culprne ~dc
particularly damaging to epoxy clad bond h r~ o hl itmca e!m

-strength. rklkalina cleaners alone are no i tile Las4;h o( hfnd eldering offsetq in
dxmagig to bond atrangth1 but fliulr complete

remoal i dif~cut ad lnmlaton roubes Fig. 4i Tho e oult portrayed in the low-ar
-reault if they are not completely roynovmi av aerna/l4c ie odco

(giwaezceterttetin cadXXXP, runing 1
powxbi pmr Irnch bond rrngth, nubjecteid to

LIllver ig-iration. This Is a phonorrieno a~ Npot troiftnsl with iarious ti-one, and wibm-
raiet'i-un curenCe thnt product-n Wlorts rinly ieitaveamedo bd

in closeoly apace wiring on oitjler orgaac or defect Lr" with patccil ieono, lt tho borld
Inorganlic insulation. In thil rphelomenon. Al- sitrngth Is IcAt at the Vo-lnt od soldering. Con-
vvr electrolytically growsi fine tilamnif;t ductor-q ea 2=IP are specified oly to endure
across the gap. Very 13-stcndton C far 10 socond:3; untoldering may r6-
r:3qured-in thed laboratorY an Actual WIT Of qiro 3 io 10 siiecondrs, and In 3 as-tcondo coni-
water from 00 to 100 peruent RI-Pluag tb? ducor -a roc tA o40C ee ng oil

prnneof silver, woe solubln loo, a d-c w atg h ol
potential, and considerable timen. Soluble icn
can be leached from minot laminates., given ~u frm~besleepni
high tuoJ~tur,5 avid time. A summary of tha

ladsof ocuentd csei u~irons fubould be ti-xi, and these preferably in
~~ ~ ~ ~ ~ of t: -t ~ eiswt -w-aft lamnp Better procce-

vols pr nch vey igh nioltiu-are conditions dure i to ut the old compoetlarn
at 30 C, and in four years tinme. These o SnmS leadP prctang b6 turntl wowi arond

the"e 5a z;A wildored to liho ald leadis.
unclad lanlnatesj. No actual ciiee have Neva

%oo~TdI piatzrd circuits and occur w~th
extremeo rarity in any typo c4 P-rinted circult, ;% strlptns or brokon conductor can '[ P aps betau e overp)iting1, normal Colder jumped with kmxiAup wire, drillng two fine
coatings, and organic prolectlvos retard ItW hrn-tina UgU pruature ;a a motorirt,,d
operation. However, silver migration Is "'1i ku7d dr-to Inser 3n ancowtl ens1

I T6
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____ ____ ____ ____Chapter 5

SOLDERS AND FLUXES

Althoughn solder to not a coaiponen, it pla~ys d2zrCd conoctionv, S., gome notes? On printod

.7uch an Ixnportwt part tn the assembly of circuit soldering wt-a be found in &hi chapter.
componentv Into electronic equipment thmat A consierablo quantity of useiful Informaiix

til e &,Ag fltuxe. and techniqeoo em- IhrA been abst racted frm fte eirrent wover
pioedin heeletrilc ustry Aa d'3- mcnt anul inustry 4pefiic-atlecs ad Y:tand-

seethed hezro as genearal bsckground for theq ards.
equipment des~gar. Employed pr~orly,
voldor makes perv=nent clectical connec- fYSOiyc~ lxsaercat~~
tiono that aro tnnizpeuav, nonporous, ard freAtonce-lnntcoetcs

4 unaffected by erwlrotuann The tto metaly,
Joineld by Its kle A a though thiey wr'v1e orne
continuouse metaL lithsa Ume wrong nolder, or SOLDERINGI PROCES3E
the wror flux, ow lbs virong tecdhdqttef are
employed, tha brat designed equip-rent wll Thereo Are two general metods (I usmh'4
exibit faulty opo3raih orW, otoeaa fusilblea alloy for Joii0 MeOaW 1-n soV'-arhi

Asingle opeon 1&x. cvn do l uhdna th.e alloy i#3 composed esaentlally of ,J and

Q.0 a f aulty Ocwmoneni and1 is usual~ly VerIY tin in rarloua proportion2 with cortain other
mauch mnore difflusaIt to loafs. malss prf ient -ir controll-ing thfy chAacter

of the alloy Lnoia ad a voft mc1der, Onl1y the
Conilderiiig tia therv are th", sadz a addedr roaches the molten wsate. The actual

,tI mdered Joints t4 any complex equipmelnt Iding process takes placeat a P tempcrature
(each onej of wb-'r must tornm a s.olid, low- below the melting poiriA of the rclai to be
reeletance let Jconnection, Lapervitn Joined, 800 F beig about tho maxlwuw toe-
to moisture, rirtoor other environ- peraturo actually use.
mon-' conditiozs), the rkdii vrith which canti~
Is f3 ade must be verci h cr0 that at 10514
Ono will not bt fealty. Mosnt of these Jointq ubaig ocle at ivradr

are an ade an th prbablites re ust or braming alloya are esuplo-i-vd; the tempeWra-

as gesitha a ertin percentage will be to required io much higher than for soft
defctveas u ahcnefo omd ee L4d'ltt and actual fusi.on of h east

azn electrical cowpcwacnt. Actually thle chances be joined occurs. Ih hiia*; temuprstrc
are oven greater since eaich component muut rqie npaietefnaetldfe~
go through numeroms teals or lngtpcctionus be- ntbtwethsotadradarsodu
fore it Is inajstalled, whereas each solderkd or brazing alloy, techniques. The forme-r con-

si;A In ciflusion orf a ;amall a-mouti of Use
Join Is niqe a.i canot teted or ecurty als being Joined at lern ecature!) below the
before~~ni intlai'mlig point, while the latter Mreprsent2

atal fusion L-f the metals at or near the

A desmcriptioni of the umnerouzs alloys em- r-riting poInit Soldering with silver sNolders
o .- ~ployed., thP several- currvnt sleigtech- or brazTing alloys roculto in a joint of greater

niqes te lue, some material on the- ctrength than Is porsible with low-tempers-

effect of znvirnaeft Mw sol0ders W06 &W- ture soldering.

5lo
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AVAILABLE OLDUS hT lquid form, ovar only z very &all tempera-
ture raag

Material COotst

Soft solders contain predominantly tin and

lead in some predetermined ratio chosen for Solder is available in compositions which
the solder composition arid physical charac- will liquify at reduceS temperatures. Such

teritics which result from it. AIso, soft compositions are used when soldering doll-
solders cootan varying amounts of y, cats inztruments and Light ga3e wires which
bismuth, cadmium, zinc, or silver, which are. might be adversely zffected by high tempera-
added for varying the physical properties of ture. Table 5-1 lists t-ese alloys and ohow,
the alloy. TU hard or silver soldeja contain a brekdown of their sloy component.
a greater or lesser amount of silver together
with varying quantittes of copper and zinc. Tinleso Solders
In many solders, some of these elements Although the vast majority of electrical
especially antimony, are present only as in- joints connected ty maoer are made with tin-
pu~ritia. lead solder, othar cozeenoatlon alloys are

avaikblo. A colder c coposition of 07.5 percent
Recent studiec Indicate nhl a miImum of lead and 15 parceg silv-er hs been found

0.1 perce bIsmuth and 0.1 percent antimowny suitabl for general Puro uqe for joining
are deairable in tn-load o.d-are to inhibit copper and copper ainyr, iron, steel, and tingrayp~ tind copperio a-i2 irow- etper, trdex-

grey tin formation at lowdStiperutir'6 e- plate. An.other soldzr id for a long time In
tree the electrical inaduibi for joining copper is

Q7.25 porcent load, 4P5 peirc4nit silver, and
Eutectic Point. Thy melting point of lead Is 0.25 percent copper. L- 2-percont silver alloy

620-F --aT h bh of tin 450 F, as 'hawn in Fig. Is fairly standard. rt3z sold-r alloys po-
5-1 In combininj those metal, tho addition sees higher weltir± t iperaturs (about 580
of ono lowers the melting point of the other. F) than leasd-tin aoldera, but produce tin-
An alloy ct approximately 03 percent tin and 37 proved crep stroegtk.
percent led resilt In thMe loweW. melt inS poin
Thia combinatlon of the mptals Is called the Moltlrtg and &tAldifyiij Temperatures
cutectic composition. It becomes a liquid at
t., aharp and distinct tomperztur- of 361 1 Solder alloys do rt licufy tmmcdlately flg
arxi t ix ih plastic state, between solid and tho teinperature is .,ise,. They first becomo

LEAD CO)N( UT, FERCKi-$
*o 90 6O 70 60 $0 40 30 I0 go 0TOO ,--' '

50D - 7V1- -300

0 . _ .....- " .__.____ _t- .

zooo

S Ij, fL L 0 v

; '0 40 50 EO 70o W , 1O
TiW CONTrrT, PURCEMo so

' . 5-. Melting x.] Dolldifyin temperatures, tin-16;d n dor Tkrvs.
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TxbW4 5-1-U-. Melting Point Euteelle AffU

Melting poiw Comnposition (

() (C) Tln Lesd Blzmnuth CZdnu

111 47 1J3.7 U- 40,9 U.2 1& 1 Ni.rm
15f~ 70 1312 2S.1 50.0 10-0
197 D-2.5 -- 40-2 51.5 8.2

217 101.5 Z&O - - 54.0 20.0
256 124 -- 4-4- 55.
266 130 40.0 - 56.0 -- 4.0 Zinc
281 138.3 42.0 -- An8. -

28S 142.2 51.2 30A5 -- 18.2
"91 144 - - 60.0 40.0
351 177 670 - - 32.2
S62 183 81.9 3&1 - -

390 199 91.0 -.- Zinc
430 221 9H.5 - 3.53 Sier
457 M2 - 79.7 17.7 25Atma

47 247 8- 7.0 -- I13.0 Atl n

plistic, then somiliquKi andi flnally coms-- metal n reoas to be joincd. Lnrge conductors
-%ost ti~n-10e'd solders, enter thp pistic ataix electroni cornpolci ape miost frequently
At 358 F, but become wholly liquid 4t vzr~ouz Joined by wire soldr aiblin vreyo
ternpe-rau re depeneent on individuAl coupo- gages Alfloy content maiy be spocifiod over n~
sltflon. Eutealc eolder (Wx porcent ti andA fairly wtlii2 rarAo After cdvxracteristics such
37 percent lead) changes from oolid to liquid as malting point, tenal,[c'a .~ti and eallr
at a Bs1fgle t-naperature point (301 F) witk~etA zrenfth b nv' bc'3n cowjkhared.
an Intervening plaraic state- (Cpljetely e-
tectic eoldoe ;ire not generally deSxi~e 1. 5-olid. Moid tEuohier wnny be procurnd In
becanco they lack plonti rpg, And aroe - ~ ~ ~ ~ e
coptible to fracture from wslit vlbrai~oz forffis.

whilecooll.~. I Flux coren. 1lux-corod wire voldor may
bec prvecur-'j n nunme,-oua wira rp eA, RJ~oy

g~p~ contents, 2and fluz coimnixsitionP (1)
Si. 7'rtformied jgnneeva Pr~formncd a014[.r

Solder is- avallable In nunmcrour, pyalcal can iie uupplic. E13 bete, wavhera' ringpk'

stikfoi, ir, ari, o pwdr. Selectlioa 11he uta of preformed xolder *hapea n prv-
forck, fi, wi13 surip comrc y ;i5d -ca, cis qaetingeado.~r1h~e
of a opoctilc Biro and mesos dejnds on the duction-line6 zodering' Ig Increa"A'I.K, plre.

2.8 -Ma Coalng net~lv fand differen1tilekrlng-4 V 0 0515-575 0n4tine notaiis :md dxlfvrrtlni euiderln -
5-3 65 415-553 Cmtng &nd jorIning mctlsI 30 ~~~70 361 -J9i5 eirlu odr

38 62 381-48.5 General Lt 6!dos
40 60 361-400 Gmeal -V oldwer*1~45 55 381 -440 Fier-rnUt. &taflnr

50 361 ~-415 SpeCtJO eoirluf iaioa
40 3 381-3-1) For lcrw-terp rature ItsAdrt~g

________ { C1-381 Eutectic wjid~or eg fue-i ietn 'A!

25 __1_ 8 Spoclxl soriic plcatka



tMe preassembly and soldering of severa h& either by meana of M a-beld &gon or
Joints at one heating, and enable solder joints iron yr by use of induction orrsinchet

to be made at circuit pointo normally lae- ing. A comparatively recent development is

intimat cenugh a toe rlyin ethdu n the technique give thein opear maximumcn-a

eon~~~~~~~~~ ~n lucavialistreoetsosd hatim and an of dsoldpettetgfow

molenmsoldr mhetflus not, coresod ot, raecaeto ihu itrigo nir
1-7noneali art uull n xd of the eal oldere-onetona ay b g with an ponsr Th3 picaio reo

f ta t eely nherves tomprodue a bthr fo heatriaye loalid over ni(ai a.
netato-etl nontacte Porez ejoingdI th- e tehndu ion hs oa gtrtmaximu con-
niquesn however, hav ue o p proueri el ele an se a jrelatively zaslof tpied

il ois in which the flu tormvterlws otd norall used imut re achde plermitte to flrw-
S-holly reovedhi the procels son thawt ay hih-e or slowlyu atnthold catsge to petcei sta

roenacer conetionxresulote, or-hichuld Oerated by aitrigge swihot ch, the iign ois tse

i ,?a pat olthe oldred onnetionat larIge crh;djn o ints secspction frhgcuenItroa

but erey Beveato p~uc a bre temature b roaid th .er gmall ipcitth
&er o ea joint of o ctia rsst oldering gu Th an rn perm t con-enitration of ts;

ndqe high er mehnil sfteghn eproduced h eeatat the soldv join"i sa tip preen
iony byt thicho thes fewX sntps: he2t danomagued t urroumlin odrpoamt

holl 1c -it atis clanins Dip sodern od t epeauaoi
2elc Goodecia onectio oed ihheel-aelb rigrsicLh =cn-

yoor Dyhnia thisgth tfa echdnniqenmg rot Jooare prl
3. Us o th proer oldr aloy or he large t i sedvan f ingor hth hu~rn. Ur by

GOO SODEMG TCHNQmeliely makreingn tip.Ii- rache " coirtcin

h. Proper ~~temperituroainitoa athly 'ortte sod1 to~ Lquch

apI hig Proe t-intin atent da epoue eth that Lllc otA6 into no Wc ptkbor
3 7. Goodb the sZoc ton an fenn simulhetadnnleosy (t ) Thrr s ethoadp

to maod production andecia theo part to o s

Ii~~~~~~~~~~ r~wrhntn tUi- on htrsni ely m-ugt ditnc nd -asa embied frn
the only fu that wilie flong life and free- this ~ puroe. - af Thus t at cjna are

&i f-rnojxr rosion an noise.n Noohrfi nto a noncodutr oale andte o ndo-
& roe men fo deptihnl assnxy mnhni l cre by os mean. sor an-
7. other.- Se-cto Fig"t2njgS~~al~ul. (')5-2. n~~it sUdpe

R iii th otig a thn plrtthu roi s rind cirut ass-einbitosssn ed foeve
olyringxathant andl av teniqe Isd frery- t this suroldrn ciu. Th h cutB core-

rd -And tares varrou form Altog oorflu povin of tin-lead ooldr i"- th mat e
ientifcmwO efor neecni x e-n n losnly. cepableff rfr byIw.pir = thorn-o

the~~~~~~~~~~~~~~~ fueadteetosoaplngton pithed cicuts An- adiiFo hn1t

c he peato. he irs jb o te apretie lwein th cicitin ont len the lead
totern t21mt Is at lan thwlu to ield t theo increasnng thechttV1t offr n e cw-e

* ase uirns,n the applyxi soe toln the mate- the ciprcuon the terminai ar izmI te .-
gmridstolberJin dpands taol eat the prpery penconnt alead re Xflmit tied ths la n t
in the owrtorc. Iftj the cronis ile lm~eigerelting point of the mioldnerl 17 ).

tory, te irntechnIp mstle soo theaslo thec3 onl threna inprerneni LWacherd " La-ri2 copnnt84w~. -oti
Intebow frh fIn good elects-teat cib-)e- jioin vrtreoth Slver-leaed eaory h7k,

Wle wth the haind nI s on aior IN- ee uss-d riarl in ilern1 I ahrL-dIn

3~i - - -c
b-- - - -4* oi3- -nt g 'U
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by current oupplied by a low-voltage tranm-
former. (2) The m-_-ias to be- soldered are
comnmonly gripped between carbon electrodes.
The hseat is generated directly in the metal
area to be joined. Rlesistance soldering he

_______________estemel 1a in ostca-e 20 to 30 per-

cent faster than tbe electic soliering h-cc
method.L

Mbiten solder Inductlon Solderng

Tn thin method (see Fig. 5-4i) Meat is gem-
orated within the work, riethar than by the

application of beat to the wor. 'the heat rco-
quire ij5 rodued bye. o the )i parta U;

be joind to the el"ctaomagnetle field pro-
rig5-tDipsolerig bLN.duced by a_ high-fr--ancy current . dy

currents induced in the inetals heat1 them
rj ilver-plat-d printed circuitry to counteract 5: )db(. Inducio -^:deriq, is particularly
the tendency of Aliver to dissolve in tin-lead v-9seful in workb i a !a i-ge orina-zssive piect, e

colderz oi metal. It ib) ai& uneful in heatnmall
- intricate pieces cIigtig mieta which migN.-

The%; typea of fluxes that float on the molten oxi-dize exceoiively Af hated by a flitum
colder are not suitable for mailitary equip-
meat because of their highly corroaive prop- De4talls of the sevseral technqces or talct!>

K rties. Rogin-based fluxes imu-ld quiclkly v2- ods -are des~cribed laer In this chapter for
poriwe or carbonize If floated on molten sot- the2 engineer who may bare to set up 2 0!
der. JRosin flux applied to th Joinlts Juot doring line, or instr-ct operatoris under his
prior ij dipping Is a preferred techdfnique. udne
MYore detatle on dip aeldorikz and printed
circuit solderig appezir later in this chapter. Solder-JoLni Form m

Sweain~By theo acccpted theory al qol&rjoPAt for-
N marion, after the mwetting procefss a chemical

in this e-olderina tvchabree, two metalfs arm aliin action occurs vwe the* clder and1
coatcd with flux, perha ti a pattern el h ea ufcsbin odrd 3 /e
come dovired configruraidon, and then heaRld roldering copper or b-TAssi, th@ alloy formed*
by a larg ir-on or blouio-ch. Thev Polder se-ekn aisfo .0 o005[e ntikes
the flux on the metals, even flowing upwar-s and ig Btronger thRn Pare Ecoldr. TWD pa.-al-
aszainl gravity by capillary action to follow lt u-ae eaaei0& o 0.0lO tneb

heflux pattern, wich a re soldered ns. actually etanectd by
the zcoldear bare allou Ilow-ever, whe-n the

Re-tolrtarceSoderig epa clng '-otwccen the surfacesexe--d the
alloy thickniecei, the alloy layers arm rpa-

In the electrical resistance* method (sew rated by a layer oU relaivey pw'ue sle

jg5-3) the metals to be- joicrd are heited which1 reue jitsrenti dint

reue jaI / u~ct

7w0
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A> r~-=~ainmlxren, ca= never bie completely reimwe4
* / Vigoroius uirc-bruehing or &,=e formi of/ abrasive cleaning Io required prior to 9okier-

1/ kng to get a saflefactury joint and W3e asid
r-farnna immed-lately Wpon e -goara top Mir.

floA aluminum nokierz cemtaa tim ia-ke
and/o;: cadmiun, and am usod wifh opecil

fl~e Cabintio suh a 70percent tW~
zud 30 percent zinc or W0 percen tin and.
40 percent zinc ame coramoaly used- Tha
Metn*l-o these alloys I3, macli higher*

slerforms alloys ol relatively toW7 Melting
poitsolchwill 'eet sqz r kii &ch arn

sutal ahI for crderinr totWl to giast,.f ~An alloy dcsoi~o 50 percer-1 tin rind &0
pe r-ent ir.dium, with a maltirg point rtZ 241 F,

7 11 tpaolderln.

SnetSteeL Cvuceen5A i wolde-Peii staiz-11~~~ reure hrcx renlovA o1 all
gu-fnco dirt, nist, or org~inlc nanteriaL. Pl-

lab-ed Purfacee5 moPi Le rogheaid witt an
?4 1-. indcsla ~Uleing-abi-nalvor~teed or ecs^ii and tfhe r-ua!&ewiped

aawtha Clea cloth. Wbleruver po~ssible,-
tho nrea;s to bew soldried should be pretinne4

thie alloying action, a part of the strength of a eipecialiy those which requifre a noneorresiws
solder Joint is often atiladed to Interfacla flux iniW final operation. Tin-lexad ;noWiders

contact generally =-alogtas to the3 forces can We used succearvtully for Polde rlng oan1 <whichi will hold 6a, v iockns- togetfher. livol sin-el tby using, any of tmaatnr' "Y yretb-
ode. Whe, n using Q &eo1Lde.rtgtmA0,aljar" tip.

The base metal surfncs onm a printed dip- hodbeudbeuoofteowtrnl-
sokdjoint are prepend~cudar to each other conductivlty of staft i(w stLA. 1113e ttin s-as-dd

x-2x~rtha paallL herfor, acoringto bring tho lNzw mietal tzp to temwperature. , &Tnd

thetherie, he ip-ol xre pboto-etelir-d (hi wid.er shold bh, melted aZr.dnni th tip
Jois oulIarguly of px-v &older, a. i ax-A Permitted to flow Into tOW Joint .1h Iron

strinth Ioas tesrnt o h r shoulld b e mover.d acroas (be. JoLot - nt crate that
will per-mitl the, rold-r to flow freely, into It,

SURFCESOverheatilng of the soldered me mbersy sould
S-OLDERING TO SPECIAL 9UFCSbe Qmoild-d since mrlle ntof the atlin-

lose steel- may Occur I, the temperature of
* ~~~~Silver Cn ate-d A lIver- bearlng oolder !a thJonexed 7()FThn-a mtl

* xeen -iKhTor &oldertag to silvered isur- sahoold b-3eclnamped togcthecr beCforv rkoldering
faceg. if a conventlon,3l Un-lezd &older Is to prevtnt buillr or nxsvc ment a. LIto pai-ft
used on a ilver--fired cer-mic or other

* . ilvered suirface, the wkldr dfIss:olves the
Silver frm the aurfere and no bsad 'is Srne lxsaerqie o odrn
forme-d, c r A t bet, th e bond Ii -o-eak. Siliver tllsselthnfrn-conm nttt

One sultable fin-s Is saturated zic chloride
voltd~eel-' u~ mntcncu~ler sd1 thesllrr olution mad-e by placlnq pieces- of zinc Lieonitenl Is :xppruxiniately 5 percenrt- hydrochloric a-rid unil thie babblIng a4cton

ettoot Th-c renidlue t-rn this or any other.
Aluninuin. Alumnunm vxoldering presernts a ftu (exchtllng rsin) should be rm-eir fuvx n-

ga;alrIc Co'upe Z:h -ulu.in the' pros- to pre'--"--t a tamnig nt tnkjfrther eorr-eirCe

i nce of mnolelure?, which i-s harmful to the action. The Jotnt I>o-- bewahe Ith '*Ater
atatlity an d Ide of the Joint. Al&.1, alumilnumi contaiing, soup, amumonia, w-ashing &sodA (so,-.

*oisdle, wtiden formsp a filmi on the siurface od diurn carbonatet ox- other Pteterg- rA.

I7



NlICeoL "A0me R* Iro a c "% codw or CO11ARBL =tEAMCAL xr XHMUED

go0M flmxing apA eolfiorin cftnxnwh se1 n Meof ninan forMnnon

___ _____ La a Woderlafy orl oran ihe aedoorkinrarp

A izhu of alo In ne Wh'~i an X h~- fimor aW~fn. ig pressure acnf
rid,&condcuctors Is necessary to provide potigM

greaa capeble of withotading mther m2d
Zinc. A 4amim-zina alloy I i Unfactory corooolan. The area of conitact mot he
~or~0n zg ic'inav we~oa. Fluring Is un- graor than tho onas-vection4l area of t
Dacswybut the* gurfaces ahoild be free of ~Coator knvolved to avoid Muonce Rue

foreign matter. Better intermetallic Guinca beatind.
between the metals Io aeldeved by iiret do-
ponitig ft coating of nickel on the contact our-
faces by an electrolytic phUtiug me"*& ___ ____

Tho pressure connection, shion in 1ig. 54%
*'~ .~is made by wrapping several tames of wbe

* Aninin . Idoo npouded~ ~arou a terminal lu. A conimercirA prodc-
tionlin deiceuseiin making thlo mnultiple

gr a rremelted ochAp Metahui gengrally isa niedgntahnartth
poO80OOz 6VMe nioy nan 8n~n spindle pocj, --d by compreaoWd aim or an
won solder, thr, r-atio of antimony WO ani eeti oo ~ tino h pnl s

cano fe gz 1. ClunOste oL a-nm the vire to rap around the terminal in a
ratiO h) xce. I flneao nInI ighl belix, Mpldng a firxnm ca c

cmoWcrT ,An; during the coolingin
tervl an eae~a ritleneo Inthefinihed joint. Coatact preagmre In the Wln~ed aneoxa-

~ ~ ~ ~ bly Is 15,000 pot winimum for the lifo v!th
can b hel in oildnolulon y moction; and with a perfect Vnap, 26~ ccli-c~m hed i Qo~J sluton b fl Is7.6 tact aren are produced when uoxify a roctim-percent. In a solder alloy containing 50 girtrii relwt l ultrc

,t ~~~~~~~~percent tin, tho niaxmuni amlount of AtiUmony uatemnlwpqdvthsxfAWno
which can be tolerated iW 3.0 percent nho ue
ei wntimonial soldoro has nianydisadvantago. Cr1 npid Conweoi:
They caanch e used on zinc or brass because

produce briltenega. The ability of ijuch sol- hai r. cyfixdrical oleeve which to alipped over
ders te wet untianed ourfncev to oubstantially the here wire ao A'owii In Og 5-6. h
leas tHan that of antimony-free coldera.t-a nthnnbjce to erhaping by n tcol

to mke a vocure connectian between the3
Ztne, Alumitnum, and Cadmium. Zinc and terminal nd tho wime 'noe actual crimpinS

A>cadiali Lire n.,vr addeda purpiiely to tin- Wcoe; difert forms Wn vnaiou5 commorctaR{ lead solders for any application, with the tordmin; in otomo a shtn.4 L bTanalnt
erce~onof nurnnuwand la~soldrin. used while in otlw, the Uontfro pariphery ol

AO little no 0.001 percent of eithor of these te eveicmpusdnahnl Fg
niet may cause grittineav or poor coider 54 It shu, he noted that when tire io no-

flow.leaueAi from comprasion In theva methlodo,
It dxpandb nighfly.

Copper. No )pprchAY'o trouble reoultairorn
copper contents up to 1 percent of alloy tot~al.
Highier quatities rhove thit; value may cauan
gritty oolder joints, -

.8ijnuth adA.ei mall nniounteM

Vbloniuth and arsenic can bo tolerated, and
& seen) to cause no bad deft on Bolder joint&.

Silver. Silver normally to not proenn ' __3

9older except for opecial p ronoa. It io nod
t arniftl In emall nmountm. ?i. -& ira-.urvp proneJre comicetioi.

..... .... .....



Q61Tp *rnz puitpEr aS Composition IWSO, although~
.7* 'ki. ft lenottwos h~mlen bitolderiigaro-

cwatisg. Conipotith S4O. lo frequently uced
fi. k-.CruaTa dh, soiearlc3 and w a wiping colder,

L. COMpMouto aS W5In the common -APbW
As ie true of oderirg9 thems severa a zne'older. Lt ihratioyen~

c~lpromotes fins grain size In the Vipedi

meUhods for mechanically making eledtricnl anIn olde ci Ie~rn~o t

oda- must be looked at with great zefo
the stan-dpoint of their vuinersbillty to vibes-

SPECIMIATIONS Compo 3a 8420 lo Ado y aasn

otnn alWA for general rrwo-.eaW

9(1-8-57lb, Dated S) Saptember 1947. '111W aZId$ otns n sisal ht

spieIflca~on covers~o eoWlg1dOw,
and lenid-sliver) In tho applicable physical 2 eniton MjLII tsot 5$tlIcr o.
forms and shapes required by governmenta Luaa'A~i ra=Coatdz stool ik-t using any eof the

procurement agencies.L (Soo Tabie &-3.) Spzcb- Crzass AQokar3 tZcme fil :edo

solider iudu wher iaitinc clntst t315i Join 0,3 Comoato GUYI. a A~l doolop a searV 'mred It s Itened fr sldeigr byn z Montstregth or 00 pAl at30 F.Thed tern-
Pir lcoationg metfs Vichx oide alloyon*oudno ate

2. Corpooltin PaSOcorresonds CO-tC3 juor. Corpsxc AgS. I lIsh ud contrmo

soldrin elctrcal onnctins hereter-- 5~t 3 hof the iasol. tnoer rocta tin

* I con micos whr hih incab2ot *
I . Copet~~on aSO s th casemar "1m o afln Ig.5 VFi eis ued o oa ct rle

ard half"; codud inr bi oldr ing and rdogsheti opa oprtrc
iron 7- orregt stool copper and cope allys Ft ne Or

asr oltn usedithsldee itng coewater~~~~~~~~~ tui, -Proct~a&3, n0 ae n e
ri=An,-. o Py mels ztczmted wit t, Ce

F' sal nt ead ooldering zrancb-v or d
2.zrg thep ,ffo tins ande5ond cadiu fr Itens

onog~ toth ti-lad ut~cic o avi aGhot zz:tqfor conipoa nwit t vher ntionyivthy
multin&'r These. Thompouna hat Is2 meltinegfo

ele 1 ccn~ctoP_ re tmhcoder Lother low pcs oftole

1, rkur lli~ln @re YCYO T~a th forI riia tea odr

Fig. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~cm fo.T~acmiaefnnact~d aeai r roa.Ai Cps-thuca are mo
contion etaa Lirmvne.~Icr hebv nt

In5 iss:amto~ hl

3. 
0opt dfre 1IV ipidv 3I p, .c2a

ard~ ~ ~ ~ haf .--do In bi golc-i- Ra

-- 4 . - ciz ..- -nkO r au



'rab8 5 S--cff~r Ceemj~.wfa frow FedbzaI tpodfvam QQ-8..nT, $S ma-.r 1IV27

LnaIttog range

-p Alum-T*W t

Comnpo- fti. LM4 Anithrmy Onvey Cospei, IMux mat iu
jittont (rana) (ma"~ (MAX) (Max) Wflu* (Eaxi 1-44 x Boi 11 MazUQW&

SOO 0 9.5-71.5 r -Vbdar 0.50 - 0.06 0.02 0_2S 0.005 0.005 0. f O~ 3CA -374
S86 W9541.5 r, . in4zr 0.50 - 0.08 0.0.2 0-15 0.005 0.005 0.08 3W 1172
Sn50 49. 5-51.5 remaAuler 0.50 0.OM 0.02 0.25 0.005 0.00 0.08 1 8 420
sn,40 39.5-41.5 rajnOr 0.50 - 0.03 0.M 0.25 0.005 0.005 0."2 3C1. 43
4PI35 34-53- Sxuj~e .0-. 0."1 0.0M 0.25 0.005 0.005 0.08 103650 490-500

rSnSO 29.5-31,5 rsinahxer 1.4-1.8 - 0.Oi 0.02 0_2S 0.0 0.C05 0.02 _' 50O-510
&20 10.5-21.5 romvdndar 0.8-1.2 -. 0.A 0.02 0125 0.00 0.005 0.08 Ses 5-045

4A,32.5 - remaluder 0.40 2.3-2.7 0.30 0.02 0." 0.005 0.005 0.30 500 M§jAZ5S - rmaaindr 0.40 5.0-8.0 0.30 0.02 0.2$ 0.008 0.005 0.30 51M 03Q
Sbr5 94.0 =I oi 4.0-8O - 0.02 0.08 CMd 0.03 0.03 0.30 450 404

Spod~fled percmotxj. is for to1l1et msnly.. In flux -cortd wiznk5- Q* wtrA of tkau flux LS.e1 ~ *rc~ froca
M~e toal w tkJhi to ob(alia tba tvigt of the slOICr ynexj

t For Informationl.~
I Tin -lead "oders (pirrfived by Sr) miay bo furnlalwd at) fliv-oamJ~ rro:ie well as *~1in vvirs nz:d cer forA'u.. 71* . iei

Ks . cA llid 'e flux in rosin -flux -enrrd wire aial. wot exoad 4 ptvn4 of Tkv taWl ,YlCW, T1h4 weiWn oi the Mm~ In lk--'cod
wire "IW noi ei'coed 6 pencen of the mini v.IgtA.

I When tin-lead vold~ra (p.-zfixed by Sn) are furr.Ww a a ilux-ooocd uQrr.A iidtm permi"~INe ttA ceuxl e'*U be 0.0
parcent Jlex than th. mni nxnm vrAlt3 cf_,if L( In the iai~a.

but the lux r*)oldue@ tire corrosive suA nrn Ci~ Claua 3 rooldor Is intended only for
be remcvred after soldering. If it IF, not prac.- brauiz, coWiper "~n Coppor-b~all~2oMz and

tical to remove th MLuz reniduoi fr xmh . ntitnifruao oru foi
from olectrical and radio partsq), then roeli
fluxev whose veoidues are not cor-rooivo must o.CltPrkae 4 and 6 PXm poeoral-pIroce

fl ~~~~b-o used. The parts Ghoddk be clestnad of A" o~r ba, eru

peoue for the milder action ol rosin fluxes. alw bca

9- Lna 5 Polever Io Wndoxld for tse
QQ.~.5ld I~te ~~~rber19L qw~licatdo-nq uh ierea the ch.RrscterL!±t1c* oi

9pfl~Alo~CXT~esthep~i7ic~ fors ~ C.anes 4 waM ( are required, but where tho
whic' ailver solder may be oupplled. Nececs- dt C aiIklo
ary ,-rlunan-uhip qualiticeg resoltlng from rhm l"tlrwe antb pn t
ito use are citoti. c ca ic _nwire ckue to ecomaesinno blas 5n alsoof olgill claf;"s of silver solder are show LdtefiltI eosi.y lmsI sss

Int, Ad fosr hardx xnatosx-iaw nt as ce-mented
in Tatble 5-4. 1%heUr qppr-oirmnte melfing 1A-.
points, flow p0 1nios'u colors Ire Shown In
Ta~ble 5-5 71e aplications of much class of 7. Claan6Aj ha physical propertlea i1rnI-

available, 0.50 Cblg 6A. By folk.wxq gooOd21 1. Clzfnfm 0 aolder to lntmncl d for ordinary practice, jointo with tentilo otrongthn in ex-
brzig iipoe~whre a-odro ihr cz -4 0,000 p.,3 may tie produced in carbcee

physical pr-opertiea is required thmn those steeL Although tha thorloal prapertiea o4

provideri by brq7zine (tspultor) soklerrt, and C~aw .3 anA O.A are nimilar, qomc modIf-
whe re the twrdico or UaPOgrasce doe nct csition of technique ay be neecsaary be.,=us

roquire a high-ailver coldoiF. of tU a broader mnciting range of Clas.7 6A.

2. Class I solder In high-V-ad:) culder in- 4L 'hLsi na~rrow etrips of Cluaes 1, 2, -3
te-de-d for gener"l slver n-oldoring reuio 5, and § soldc3r hould be uoced for very light
meat&. wok otch av soldering parts of delicato

0i 3- Clzxs 3 milder bag a rery 11g0 sil"er
content and ahaulci be uro-d only whe.rv the
sapplication requires high strength, resistane DI-8- Med 15 December 1954.
to corroalon, and good i~warsncS. Mals &xecification, awproved and us~l by

IS



Tu1e'5.4-Silver Solder Cosntitiumi Irow Fderal Specif icatioq QQ-S -661d.,
27 September 1951

__(_ ___ MU__ __

1.-1044.0-46.0 33.0-N7.0 --- - 1 0.15
1 44.0-46.0 29.0-31.0 23.0-27.0 - ~ - - 0.15

Departmenta 190-1. 130-7. Ary0.15n Ar 3 lx ftrtejit hv enpoi
zh 14.5-15.l specifcatio for te cadanfiedathnvno.1 ng5 i

Deptent w oor Qok1 Aodrmyed y n i 1Fu.Atrt~ joints byuihavelu hllb apbeo breeninv

.l er roetal with flow temperatures below fion of the ourfaceo while the par(3 are b eing
M22 C (000 K,. Rerf,.ence Is made to Speci!.- beat.d to aoldering taer ortvies Tt'e 'aze od

cation QQ-S-571b (Solder; Soft) for Dolder cortd wre solder IQ acc ab~le.
olloy conforr-laixe requirementa. Iznportaiil
nSpectS Of tWOi GPeatfication as Of 15 l~oe"W- FIt% Itha11. be spplied only to the svxl.acik
bar 1954 are ai -tated as follows to be Js~n'd.. Splasliing or drlping onto Dthec

jaufrxi% ah.ll be avoided. Corrovly3 flu,
1. repraln ~7 a~racs. he urace of iIU not come9 Into contlact -,ith any iextilc

ui pA~~weJ onuc cea e -ore m~ol-a pa~rlicularly tbosic containing cot-,
9he pitv n oX ciderng b- W ta. Active luxing agents haU not be ued tQ

Locale, suid Olii shall b-n9 removed by mebxA clean soldering coppersj whea noutra, luw
z-3U~iP', evci avs acraping or cuWtig - resapoedt mkngte ontn

an amoie, o bychemcalmean. Ge~s 4. floating. The areas to be 5oined ;iaUl 'be
~ha bz rino~ y ~sutabe slvnt,~ ~.s~bed to or above the flow tzrperawtre of
as rchlo~4h~leee ~C~n W102 nsulted t solder. Heat may be applied by &., Idering

wirc or Cablin i~p'."ent, n acid dip may be
usedto rmo i4sca or oxides, but a neutral- co-pr, tor-ch1 moltem-,idloy bath, eletrical

iring trc-Atmct In required to prevent sug&- dne rohrsutbemas h ~
quent crrt~ivsact~t lton of heat shall be carefully coatrolled

thifry soldering ope-;ration to prevent
dumigo to componentA of bt asemblty, isuch

2. Cleanirg, OnlAy inchanicT cleaning shall ra~ fabric, ' ula Ung maate rijal, "n aeenmblisa.
be u c17 aF cl-cag gurfac,.a toW beoldvrad
for electrical wire connectlonS. Other cleran- . * ~ tin'roprt Wethus
Ing methiods 7inch *'ll nol leave A corrooehe Ti s a-y I hall b)

resiue my b uic afer stlafctoy con- practice to flux and tin with sc,' er
plc~o of umidty to0se portion; of the gurfacez to N- loineil

prior to asi~embling, removie flux res11dues,
T~be 5 -M5-U0U and flow P'oket aconling to oche-dule (Be-a itna 12 below),

of &Wler Solder Axft'eolAle thei componont parts, aind UmA, a reu*-
HeltI ~~tral flux In m.aidng the soldered on.Ti

MO a--.I -10 11 l procedure In mandatory when theo character
______ i thv materials Is such that an active flux

~ 3~ 7~ ~4) j5 ~mut4 be) uaed to obtain a satifactory Joint.
C)1 1250 073 1I7O 745 Nearly ubt et the action of the flux rosiduca or ro-

2 1280 ED5 3,] 25 720 Wilfte movial will bo detrimental to the partS of lbs
S 230 6-0 1l300 705 Gray-whl-tv ~ saby

4 110 27 1175 635 Yelloe-W7iite

0 156 ) ~iVO~41Yefow.~,M* . N-ires soldered to termfinals. Wiros to
6A 11W1 627 ji15 f340 Yeiwt iieb 06s71i o 6eria o rceptacis

4 1 .- slaou be tinned, than sweaited into the termil-



tha U ecemiy t fil te pac ar-nnd he erig rocss ndflux residuo removing
wire. PaLris pretlaned by the wa~nu~aturer schedule,
need nea Le retianod befoxe saderlug

T.- Tiaitj. Tining on a vie shadr

ilexd iunly far enoughI uto the wire to tClt eigtonB3-49, ASMh This speolfica-
l ull advangag3 of the depth of the terminal or tion coversit grade sof tin-lead, tin-lead-if - zecePo4e. TinzIa4 or clder on wires oia- antimony, and oilver..lead solder alloys in
V~~ ide thi -racepticile where flexing magyocetur commercial forzas of soft solder. The re-
will (mume stIffnessa Gi iN,3 wires and renult qtired quality, chemical corapooion, and

elhn brwio. pr opr~dtermileo con tn in these ca sol ora osti
~. ~ of these alloys are given. Table 5-6 ahowo

flot ona fJArfce wichIi nt ~Standard for Solder, SAE. The Society oa
7neat~.Automotive Engineers standard for solder

~.Te~rinree ~xeosive empertursa defineii twelve grades in termi falyom

dhodc-F3 -iZM orthe flux will tend to t-ar Dogi4on and liqufs--oidus tempornturesa.
~ ~ I bonlze and Thhday the soldering operation. 'he AI]TM counterparts for six of the SJAE

alloys are given In the extreme right-band
IQ. Coolie?,, !Aqttids raai wot be tired ta column oi Table 53-'.

Col 5 i-k'e4 joint. Wiyth the proper folder
gud olenngtochxlqu% n joint shoul 1301 1?LU TYPABS

'becomne ai 6)t that It necds rapid. cooling to
1provent tu? uire imsmlaticm fromz charring, Although rooam,-base flixeo are the only

H1. Flux .0iAChes. Afterc01st coid ncorrosvi and electrically nonconictive
ihere~di~, -remactve luxz; hal IX Con- and are the onhii omes thtat are univereanily

'1 pciel reicue orne01alhe. Rmova ,icceptqble for uoz in military eqyiiproen the
fL rtiuin~ ~. resiu~awill~ I~ ~following materialR, meetly from Z. Robert

oncest o.: zi a te 01 Celortrical cnpt aI Ot Othr ;Jritaes were ie Jiillron of Wright Air Development Ce3nter. Is
fe~r wit ~it, e~atiii o migt iner- included a general bae1cgroand informatioaL

feix; ithVi DVratan r asembly of til
Solder fluxgs i-71ay 1), divided into throa

j ~~~12. iPir leoval Pchctiule."' The reniovul Seneral groups: i) oi,()o~n n
thotjW ka inW fds niny ofth oirim (3) chlorida or acid. The last two are net

oporalloi :utj are necessary to prevent cor- generally used In malking electronic circuit
rOBI ive tiitfl by the residue, fyrm active connections beca~use, of their corrosiveness.

flimm-Rosin fluxea arc most highly favored. Under
s'a. Removo ORBn or tv ,&ag commnlY tired some cxdtloana 21e chlorlie types may ba

fin -otp lxswt uitaleolnt employed in electronic equipment.
ruch qia naphtha or trichlorethyln.

* j~~~f!h h Dip IW diluvte acid -solution with agitatiow. Rosin. As used and dtfinud ILS mtllt-ary
(Dilutit hydro<-hloric- acid, sixrcacid, or up-aclllcations, the"- fluxea use a commeqrcial
s~odlrbiar uifa solution are necessary.) &'~ grade WW rosin which, iii Its natural otate, is
siIl tiOn0 an acid-Lictive wetting agent will a polymerized anhiydride, a "yp of closed
accaleamte the Action, mnolecular tntructure kyhere the rozin niole-

c. Wnee-h thoroughly In flowing watr cules are locked togetber in onInrt form.

a. Wazih thoroughly In floigwtr once. One of Its &r"'-backfi is itz 0e01-7 action
* . ~%. rodutio p ats. rodutio pars shll nd Ito inablIty to promote wietting el thei

1"t ciemn~lulrbductind rsu re-l autfac"' of moderately oxidizod metal.

. ,...---....-.*.. ~tllccent studici; Indicate that s winim-mi ef
el- a "uh w ro xclhedalv i not af.iickbl& to 0.1 percent higauuth ---d 0.1 porcentt Patimony in

- *aisy ale cinuailc )a se bil Uso ci corrooivo fluxes tin-lett! eoidcra will Inhibli grcay tin formation in
1Wod nee-oudcL. eatrernely low temporikturec.



I-A
U 7Load Owl)~

sired Uhxe red

70B-. 70 so 0 - .. U~ 2:
90A G - 40 - -

50A -- 5 ~50 - .1

45A W,- § ~ '1
4GB - 45 36 o--n 2A0:0

y , 4CLA - ~ 40 C~ O - -

40B -- 40 - 0 w~05 --

2515 --- 65-5 so- .5
35C K 5 - 7. 1.6 1.3 20 .'-- - 1

VA1 TO. 2 - - 0.5

IM PrII 0rzd.n 1A5~ 16 11 U4.

25A 0.G25

25B1 26 715U 0.60 e ~ 4 A
5,Cy~gtutbi n4 ru~i 25l 7o. tLn l t 1.3 L5-ii 0xnixdi b~t't

conno~rUo20~yn fur50 ~ aayh b.1 w1 lxdinaeti I oL'jDA
20Cidton~.~,hw~vr h r~m- 20 T c~ 0.xion~ a ~ t 3.0 L t.% .o dctd n
915i tnr1 eie3 j o 15 exc r o0.5p cx

t hO nIB r10xmnt 9-0or 0."atLW

Ro-3i mu ,6 be 5. 0.1d2 ennoro~~ ie x tedeov~drugii~hc
4.5e by 5eaing 96 I oy ctv. or Oa. gn1nwan~cm x ~i~ i.
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Wj., 

<4;~~~UE r rfl CCeption d Temperatues, MAE tbwn~arg lkr b? wjko

n Ta~lug r~c I

i~~o~~ Lead Aattmfoo oius() PC F c

AA 45.0, -1.0 1Luaindar 0.4 max 381 185 414 2124A; i 45.0, +0.5 Romaznder 1.5-2.00 381 1 V, 4W$ 208
-IN2 40.0, -1. Remabi-dor 0.4 maz 301 153 4W 23!

2B 3.0+0.5 Ataido gjf2.0 I6 0 S
AR '.A 15.0, -1.0 Remainder 0.4 ma= 381 183 43 25I

M 23 5.0, -1.0 Remainder A.5-.7 apcii 651 183 524 26128
&A 20.0 -1.0- -eaide -. ax $1 13 u

faster 15.0 -1,0 wilca s ader tech m ree rosi or3 5etlr grus ih ,

Ac~o te_rA-2 flUxos. EXraaalon o1 thf heat of soldarhbw. chamjos the rnhydrido
F." elctrcti iiegry produxed a e ndr for etruceture with coverslen nd release ol the

sevra E lr o atvity. Am acivated rosit ustpe
a ~ ~ ~ m "aeil s'ath oiwW propertiefu: (1) it mue;t We

fluwe rai IiI! b h i-trsa rosin ph -ally and icmlczlly honmogencotis, wA

~.foruntel T eoni it; - %idey corroslvead (2) A must b3 ,s socerrsire PAd edectri-
forw.toy m v* idlyused in the U.S.A. cally nonconductiv au thc resin from which

Duig194$ arnd tflAP geveral activato rosin It was niadt Wb 4 POS jwss la higber
Mmnes we Lnt'ec bzed and were used to scee activity.
v'1d from iA'rsOq reAba Pand acidic Wa- NO ea,37 way has been LaurAd to lost whi~frw'I

- >W;%/I. * eriln to Ppcn r repared SroAki or rosin Uvame fluxes ore corronfr oi or t. A vpst
fm to wich OetJ0r atb T4s wre SVA'dd to iu- number of the activated Dunesi are) proprio-

th tle tTho fleet activrAWe tory and there lo -mtrh Meu-.:zc uc . theo parte

cthlurlde5  wMiline ip.-dmchiorhro, or nayk- tent&. i&L-S-0WfS requires the use ol comn-I nnerunba a @ Th cativwnorc Cur- morcial WY ivcala In donatured alcohol. W.1
curtly being expkycW ane \teztf3ly haogeirate other flu"Pife ra nidered Pa active until
orgzn~c ocroipeathA t r , or VASY nt N.- dmonstrated by UafloSt tt" flux -is neutral,
sooluble in the rztrsu. 'Se U,7atora rci4/>the flilnwjfrr wMNI nryThm hvdrtdqn - ux ttof wxi orF-

I \ jcetyl pyrdaihWn, tnromkeA, -:Ziotbyl ceotyl 2fl- rivtivos. Thaws fluxes are almost as acive

74; monium bresak# = wihy d nby ceMtl stn in organic salts, but their period oif
tuonum ean~n~ nd s on Cometiion activity Io brief because oi leoser ability

- . ~amo%- the, fl roug rtr'r revulted Ithe OW adtereucplal to thermal decompo-
5, . dactios qt rosin Ito wch. aton- '-They decompose riapIdly under the

rAngeO 1raw Villaee to thoRe of aCSJ-flIO heat of soldorfiz. . This oilere a moans to4 a -limit or control Lvrriosion vine. the- corrontre
4 properties of lto relativel1y inert flux residue

. Activated rx&ual Wayb de(flIrod as a bo- are very dJifeiv,$? freom iow of tl" origfin)al

-goneonreviip%~ ro by th incorpration uridecoinposud fl=x These residues are notb* of ay sacood Vtntmficv, which1 m'Aay not haveo hygror200pic. T3hey become dry PAd withered
ffiW.Tng prorttins. It 21En hmam an activity and are relat-My easy to reoveo by flaki1n&

(I ~ ::.' -greater 0,1tit O ',I f Qithfer pxue itgiel con- tumbling, or wijeirt with a damp cloth. The
4".~ . gttwnt at thea'sn wp~ to n 110e theuory speeod tadA quality Uf soldaring with orgaic
* '~~~ ' c(I it actonn an/rvrell but tha boat ox- fluxea compare favor-ably with those of chlo-

PluntOMI Is twa 'liv aCtiVailog ant, A the ride film The; are wery effective ?a wherv



-P mitted or where the assembly lends Itsef

fntioso neo oe rancslsgnr

Chloride or A-6lt Mmues. Theze awn colu-
ally the chloride and occasionally tie phou-
ohate of zinc, calcium, aluminum, magne- 0A slum, or tin. The commercial designation of
"acid" when applied to t"hasea fluxes lo a mis.--

nomer since the fluxes areactually azts. 0 2 - --

The cloride-type fluxes are tI* nest ac- Wt
live and are effective on nll comim metals ILo
except alumimt and magnesium. Of all

411 ~ fluxes, these are the most corrg, _ve, and
the corrosion seems to bo caused LT galvanic--------------

2or electrolytic action. The hygroc ,*c char- 3

portant than corrosion. Although bard wid dry

Immedlato; after solder-ig, the fused reel-
due gradually absorbsu water trai- -Mha air0
which finally dissolves and dilutes . 'INsa TIN 0 10. 20 30 40 50 60 70 80 90MK00
c auses the regidue to a vr a we area LEAD IOOSO,) 70 60 50 40 30 20 10 0
of the soldered unit. PERCENT

The hygrosecpie character of tk chloriden VIP, 5-L. VarilitoI tenfilea fresn*th Wit
iype flux io uoeful Lin the removal, ok M'? rest- tiu COMtvlt.
due after s-oldering. When the uenhhie ia
softened by zbsorption of water, tue soldered proximately to the M-). to 70-percent tin alloy
unit Iv treated with hot water or *=an Wo composition W-hereC It me'Asures nearly M00
dissolve and rash away the resiue pi.Th primary parpoe of soldering lo

not to Gecure stre ngth in a connecrtion, but Wi
Where tbofr up@ Is not actually rxt-iblted, fr aprmnt electriczaloini with opti-

acid or chloride fluxes must be used! wth ox- mum envI-roamental chai-actarlottcs
tremo care in electronic equipmet. When
using corrosivo fluxes, the hot LOoidnzrg fo Shear Strength. T h q sh elsre-ngth ofa
has a tendency tcospatter the flux easte cur- sold~lo lar grats truvrnT~e
rounding areas, which i9 another rewaso why It can withstand without reixilag or rupturing.

*2they are not recoainnimexi Tist property Is subjact to the sme govern-
ia;3 factorl which1 control Its tensile s~trenoth.

No metr what flux Is eimployed ,-i3 pur- &eanr Kirengtb, lie tensile srength, Isj high-
pose Is net to clean the gur faces hl to et wih older alloys compos3ed al G0 to '70
more oxide. Flux can-not re aC good clejan- pcrcent [iW The i erstegh uv rs

' ~ Ing methodD to produce bright metal ourfaces ble the tensile strength curve, but all values
4 with which to stait the acbual soldring are Lrodrately rdcd

operation. Haess 'Te harns at n s-older alloy

PHYSICALcan be determined in Several ways. However,
PHSIA AN]) CHEMICAL if significant usef U data arc to be obtained,
CHARACTEMhE"tCS OF SOLDESR the importance of fnndtzding methods and

envirofnental test conditions should be cm-Tens)ile Strengft The tensile stremgth of a bsz~ h uv nI 4 5SOiflS
selder-alloy 1s th3 groatcst lagltxxlinal hardness data obtained b; th-a Brlnoll testi

*stress It can witbstand without pullinG apart wihW)-5tmeoladn30ecdsa
or rupturinG. Thfis jactor dtepe-nds upcka many 20Co hl-cnt specimen about 1/4 inch
at which the load is applied, the jtical mold at about 100 C.

conliguxati of the solder specimxi, and the
nature of Its allMoy. As shov-n in V4g. 541, Aso to characterlstic curvo Inicates,
tensile strength rises with Mt conte&t bp ardness valuoes of the tin-leud alloys ;p-
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proach maximum with 60 to 90 percent tin. 12.5
When the nature of the metals to D;,, joined
permits its use, antimony in small quantity1.0 -

will increase the hardness of tin-lead tlloy. ___ -

Is an Important propertyo aselected solder 11-0.
composition since it has a direct bearing 03 L a
electrical conductivity. The electrical resist- a- 0. Q5 __ _

ance of a wider . oin is invervely propor- 4Va I_
tional to the thermal conductivity. In applying L8 10-o0
solder to a joint, opttnuim thermal conduc- W
tivity caj be obtained by cointrollng thl _ 9.5
amount ot solder deposited. The compromise
point between physical strength and thermal 9.0

:4..: i.-i conductivity of the joint c , curb at alomt 0.004 3 0 5 0 7
inch in thickness. Solder deposits -odich ex-
ceed this dimnsrion In conventional radio TIN~, PERCENT
chassis wiring Wd little to tho overa phyFi.s-0 Ct-cktya a function 0-1
cal strength an electrical conductivity, and coni
detract tangibly from the thermal dissipation
capab~hies in proportion to the excese. 7th
thermal conductivity fof solder is dependent4 MirIum. A corrosive flux residue ol d be
to a large degree upon the amount of tin con- removed, not neutralized. Becauste auoe al
tained in the alloy. The curve of Fig. 5-10 such fluxes is unacceptable for wiring comxi-
shmr thermal conductivity of solder aB a iyorents Into eletnieqimn.:5ede

function eA tin eontent, Phould got specif ic information on their ise
when they cannot be avoid-ed.

Corroslo)L All 2.oldering fluxes, exct
j ~rosin And certain homogeneous re,, ar Electrolsi. Whenl t~vo dleslimilar motala

coronie nd hei rsides rcelectrically ar nconac In the presence of an olectro--

coiductivoe. '.he extent of forroaive action is lyte, galvw.nic or elictrochemnical corr~oe
-. deterrminead by the I iiAl chomical equilibyrilum. occur'). Esslentially, z galvanic couple 1-0

L.' chemical equilibrium, the totald amount of form~ed which In Ldiort-clrcuited on Masll
corrosion irs comparuble for all fluxes hNwlr-g through the electrolyte; the electrolyte way
c-quqal volumes of corroding residue rcgard- be moisture Of !any ItlId. Th11e metal of hlhR'
lees of the rate zt which they proceed to equl- potntial will becosmo an anode, tend to go

into volution anid corrode. With specific re~-fl or -~ - ard to ni der, In time- thin c,"~ create 6&-

)creased electrical conductivity and woaLkemed
ii physical cndition.

.Cep. Cr-op may b- e 2_qn the time-
S15 &Oependent deformat ion w;hlci compaaies tho

e) - - ~strease to a olid. The stresses Inclide

tension, compression, torsion, aud flexume
Z1 ____ ___ hsundesirqble quality of metals "UCauie

Oj~/ .them to undeorgo a continuous deformaticn
( withi time, the actual deformation bonsb~-
( ~ject to varlations (themse'ves subjc tothir

-J 41own variation due to the nature of the specific
zmW hicCh occur Kenerally ix. f ollorw._g

I _____ ______. _____ ______1. An Initial (Ixtensios or elongation
2. A stage of creep zt a deciecrpti.ng rite.

TiIN, 0 20 40 60 80 100 3Asaeo re ta prainil
LEAD 100 80 60 40 20 0 3 tg rp. nv smtl

PERCENT sttra.
4. A s;tage of creep at an acceloratin ; rat.

p'v. 5-9. Va~rlat!Gn Im Uai~r withtincet.~d li'adng to fr~ctare.

.- A

4 r~~
%. ~* -



obsermd- -f elt kf -

Figure '5A1 illustrates the obevd4' derefi. Apply sufcient attmethesl
&eWu ant ado the influence on the creep of der, then apply enough solder to neatly cover

/ c. 9 percent pure lead caused by additions of the connection. Avoid using ezecaive sekM'w
0. 1 percent by weigh of va rkie elements. dunce tiincreases cost, and aometimes re-

sdUt in sbort circuiting adjacent terinincdn.
APPJLCAflCI NOTE&' Solder should never be melted en t Le

and flowed Wo the terminals or wires. 'bis
In peforwhW soldering operations cor- win reafit in an Imperfect cennetina.

redtly, it to essential to selet the prop_;

solder &a r;4dering iron. Soldering Wong BOldE Irn lip Materisls
size of the work to be soldered, the tepera For optwmum efficiency a eolderimg Iron tip
ture charictsrlatics of the solder uW4 and should poesess characteristlcB o( high ther-
the rate of use on production. In general, Lh mal .oS4ucUtty, low scaling at elevated
soldering irvn should be as large as coodi- iare,0"otnigestncW
tionz el work wil permit Soldering Ii'onIa tin smalgamstion, and hardness. comer or
should always be sufficiently large to rapidly coper &ays are mneat frequently used.
heat the Joint to the temperature required to
melt solder. Ihis prevents the surrotunding Copvr Goldering iron tipa 'have high heat
materials from becomning overheIated an&Wcuro ai- tnigprprisw~
damaged by a prolonged beating ce the sot- make Mlum suitnble for most intermittent tol-4 ~~derv-d joint Solder uaeeting the requirements4 dMlgrplctons. The disadvantages of us.-
of QQS-Sllb, compoaltions Sfl~tt WO 1)-- lg p WU coppr Lie Inhoereptl!y in Its scaling

Sb5 zcuW uetxed we Air Foxce lectroic and rzptd tip wear. The meslt tin in thin Vel-

Equipents.der alloys V.ith th3 coper ait solderins tOra-
All wvru to be Eoldered sl=uAd be Cle peInSn crisaa hetpmtra

free from exceustre oxides or foreign mate- Yrcjtrant scale removal, cleaning, and tinting
iale. ThiB will permit the flux to remove any r eesr ominanteoi7a 1

~ailan~xmtof a~ preentandthesoler hape) ad to oibtain proper heat transfer from
to the boater element to the working gurface of

tflow freely. Neutral fluxus, according tW the tip, ae -il! au from tho tip to the J "on. A
Specfica~onhtlLB-G~t souldbe tred well tned tip providesa zcompletely metallic

when soldering elactricul eonnections in elec- path to give 1ev reslstance for heat floiw to
ironic quipct-nta. te J~A AUtp covored with scale, oa t-?

Electrcl coanretlonfe should be mcehand- othar b"w, has abot 100 tiinc, the resist-

rally Becuret ",o/ oi oldering openrtion. ance to heat flew..
Isi porformed. To avoid cold joints, te wor-k

4should be) rigid and eshould not ba moaved twil 0Co-par alloyg provide bettocr performance
the Ec-older has cooled. tit plain copper. te upenltoritylIsevhtanl

in rlDoced scalIng. Increased hardnessv, andA a
In performing sol.: r oporations, the beat longer permlusiNs Interval betqween tip

should be applicd to the surfi-ce to be al dtennsCentlo tmpetraturea for coppn,_r
alloysou 1 l.ot exceed 725 F to prevent- do-

ltroyir4 th-e lowi scaltng ad hasrdnss proer-A' r ~ -tie&. caes irons commercially savailable Are
~e---jprovidd with thermal an-Itchesa to Iliit the

tempox-ture rise during Idle0 time of coatin-
uous dxty Irons. The mwitchoz are usually

Lend locted n tat portion of tb-s reot tand havinga
-4 o. ilw intima'te colnct with the tip.

T11 e, noe ahape and ith-e of a w3ldir-

2- - -r penrs on the coIkftions thaiot eit the joints
to be roldere4, suchi as lug sire, the niumber

[LI Of n-Iren in the3 joint, the diameter of ame

1 -O0 200 300 400 500 wI rem, the required ooldor speed, and the aol-
DURAIONDAYSder joint clearance restnlction-a A large tl-

suirface area is necensary for fast Pad -Zo-

Vi;. 5-Il1. CrctVp cuy, of lesd t1Ioys with CLI quats heat trans9fer. The preoferred tUp for lug
4 ircal *W'M elcma Stroo MO And wire soldering ii the ctliel type. The



moiA common contrlbawy causes of rosin Iluxcd, heated, and tinned wi *older, Rm-
Joint defects are the xwe at Improper tip creased tip Ife with excellent heat trunsfer
slaMe and the wrong postioning of solder in possible by cleaning the tip and tinning with
and ti173 on joints being aoldered. The work- a good grade of silver solder. A solder pot Is
Ing surfaces of the vokier tip& should be kept mout effective for this purpose, The bigher
cen and well tinned. Dry. tips scale rapidly melting yoint of this alloy assures "I ths
and will slow down heat tranfifer to the solder solder depzosited oni tb3 tip will not be melted
Joints. To acquire proper fluxing of the solder off during subsequent soldering operation a t
Jois rosin core solders should be applied to the reduced temperAtures utili ed la soft
the hot metals in the joir*. Melting the solder coldering.

_"on the tip and carrying it to the joint destroys AUeeetofheoitobeolre
the flux and results in ddective connectonz. b la.Cenmtlt-ea ot
Iron-plated or clad tips are recommendied for mstb ncer Clti" altoweala co
coninuous soldering operations where Jiffer- i eesr lhlfa nowh3lyra
ences ' solder tip l'tacannot be toier- htoidIin rfreamttr
ated. 5e odrap~ oca h odr . 'no parts to be soldered must be hold
Ing iron tip greatly iwareavea Its life - Moo- tehriray
quent soft soldering wvO be performed at

isnueratros elo thei~elingpoin of he . Apply flux to the joint to cleanve the
alver solder. metallic surfaces down to the bare metll And

Uea~~~it g~spe~ sO.Lerilg to exclude air during th-9 rolderina operittoa.
HeatRaq, rment E~-&ped sldeing Seloct th roper flux for the appllcaklorn.

eulreB am~um w~le) t tenp~ra [ ooin-typ flit r ida ev am
ture of 300 F, nich W. slightly below the leooeide. Acid-"yr fIe nre s*rogsI
meltig temperature of cidmium plating rind and leave corrosive residues which Rlso can-
doea not destroy the coder flux activity. Tie duct eliectric current and muot be waded off
mnirntum tomperature ol a solder joint to preserve the electrical an, physical siabil-
shtould be 100 to 150 F above thia melting Il oftejit ofi ae~l uh go
tepriuro of the aolder alloy. The aver kuinum rid stainless stoel requiri "eclal
rawdium joint tsrnpermbaiv is Approximately flI~ technqus
550 F. fRocommendedoyerrge solder tip tem-I praturesl are 700 to 7X0 _7 for fast and con- 7. Heat the joint with the hot tip of flic rou

H tImx soldering q~oratka i. and apply oolder to the junction of Ohe t1" -and) j~ .joint QX shoym !n Fig. 5-12. A4 aoon asthe
Prolonngod Iiv soildering tainporuturao eoldering :emperaturo is renched (oldorweta

abvvi? 750 F Will Ca~use excesslive scaling In the Joint surfaces &od flowe, smoothly), r--
th.3 iron core, tip fr yideg, short element move the) iron frow tho joinit. Avoid exc&3-
lfe, cnrboanatlon ol rocie fluxes, and prob- tsivo usec of &older. The joint must no be
lems In koeping tipo tinsod4 jinrred or subjected to vibration while the

molten *older to cooling and solidifying. Such
Use Wf the Soldering L-oa motion can caufse a cold Bolder joint which In

physic. lly charactarirMs by a dull gritty ap-
n-W:er use of a Golderiag Iron, with ad- zrance, poor joint strvn~glh, id low elec-

quate attention to Pimirple &4taise and required trical conductivity. (e Figia. 5-Ill, 5.44% ned
cojnditions, wvill produce good solder joints 6-15.)

counistenily. Trhe folloItz requiremnts1A &rv

to bo observed: (5) 13. Where pospible, pretnlnI of lnIv !a
parts Is recommended to obini quickiar sal-

I. he soldering irom vbould ben uw.eO at its dering and more reliable IoIIe jointi.
r,,!d voltige.

P. The3 voldorizg iron tnuat be properly
2. Prope r warm-up tUvre, dependbig 0o0 maintzine4td during use. A cloun cloth or vip-

iron zrine, must be e\b!serftvd ing pad ueed 41t inervalz olil remove exce .5;
IIlde ami slag whih gp od eros3.oii ofth

3. The soldering troo sh-'ozld have a tinned tip. Whien not in actual soldering uxfseI, a Col.-
* tip carryin bright sraocih layer of soldr doring Iroa should be resited on a a'rdwich

on thI ip surface for nz-cost ofiectivo heat has udzerluatei heat disipating arc-a. This stand
tn-.'nsler to the joint. U. the tip does not tin providos P, controlling factor o-ver tk-le idle
with A.oldor anid flux, cool the iron and file tecoiperature of the Iron, iznd help tW avoid
the tup to remnove surfac corrosion.. Ira- the ill elffacts on the iroa caused by ovz-r-
mediately after cloariln& tbe Iron Whul~d be bio;AtIng.



wN mt i t joint,_______ 2M- -eler,I

mtcake tinahat Oee JOt, ard aesmrtigo

r',e averzge opertitor rMil mere"; reapply th.
L 'I in nh p t hatUbe ow wl be ecnred

(A)

Mirr

wltb A xaiIelatr

which is &oplducMaa oat al ki-r A iongv

lo peciont .iua iz-et,_o M on ~
r ely a-o o r>nt has th soq i noett yi - C

appe-arance. YWII ta romte ln,.Ord Acon-

whtichnI olr ny mw- of thezc halmo almUma mrig ad the - datoal ~i fc)nrv 01 the en
Wigldovingth wie ntb h W or wtht ntull
plers~r wi rea whtr ont iathis togldtt

Ile Frecevdfo svn tatyocdefeonto tahe.
-' i-miute freni accidental relative movemecnt CS B

the comnpoiunta being soldered duoring tG" -

v-older coolIg inlrval, that Is, while thrsl-
der Is e hangl, I ren P liquid to at slid aai.
Cobrr-ectlon recpalrem unsoalderizg arbd dltas-

- aenbling the Joint, cleaning all arf, 5-- 1~ S.i Aot-W x)%U



iFFlCTS OF NVUIONMEN ' ON SOLDER

TL-, !olioz~ng environmental d"t are la-
eluded to provide the design engineer with an
evajAton cd the metallurgical charateri-

t tics of solder alys, aand the behavior of
tirek aetals under atmospheric coondtlgmasi
and Arussee.

~~. The bdorination gpecifically concers sodt
aolers a,3 covered by Federq1 Bpecflcatln

44 QQ-S--5711bX This group of solder allys has7 the wi~ast applicatiomn to te aaembly cit
electroic equipment and components. Effectf

. PIng mWara repreazentatlre of his growV wera

-l~ - O0T 2. tig-97.5pb'A.

U £SEc& oi Temperature on Tonsile V ee~gth

* )2~~.< .)Itk- effects of aging solder joint at various
If -~~ teisc.zratnes for periodj off id atwo

niore ar" given in Table 5-8. Aging moldair
(Al Joints at reduced tem pentnriz his theqd-

aral die-ct of Ire'asing thea j.olnt tc.nsile
trat.the In-creac-e in otxong-Ih bein great

etut 12 Utz high tin-lead solderm. A e nizl Li
t.amVi-A iricrease occurre-d in thve la-u

rocesbecaRuse ead romatnes ductile qt low
innperturs.Solder joints los-a ztramn pro-

greusrctl y with tncrcaac In temperature, At,
4 212 F, moa*t coldere ltos about " P peme"-t off

their rt-renth, whil ;it 300 F Only atov Z on-a
Ctbi rd t~eroom- te mpe ra ture srngth rmaLxs,

* Fromc the* above iLjurea th2 rmost suitabLe2
solder for the tcmpcrature.m cenon;W t h4<A ,70t-SQbsodr It ahbon iuporior mtrergtlh

% at lat low, so)d inter-mederto tsnsperatrez,
A.~- Cd in(seaipd zoldor of tihe group to a ,

xe E~ect^1k1r4 on thbe Strezrttc ol kr-j

Ft>r rolders wire cn,,bjecteti tn aix-mcmnh
nig periodo n th1 .tti eprwui!rl

fn 4J~~ of-$C(8 F), 2 5 C (7 F), 7 5 C (167 )
and M120 8Y. ol-r-IZti ga

p-roball the 9pcctinenew w-ere permitted to
ft re-turs to room temrperature. Whom :qged a

18) tested -85 C 2- 1 w al ori anO~XIC
l ucrr,sc in :joint stregth Cstce Table 5-Q) ox-
ect Mbe IOSn-SOb peicaAfter ragtve*a

-Ig. 5-i. U rucc-p11b10 rokkr koits:, the reaccd tem perature, all soldori w re
(A) Lxceaslre satdar, (Bs) loeLin joiLt veaker l room tm rtt-e except Lbe

seldeam tested. Aftor Aglo- at 75 C (167 V)



___ __ - .----..-..(A).

*n 5-5 xn%1e iaCtdJon A Abd ons( c

war CS)-erd AfeCig ttahihtm

thait the 5&A0>sokier is the least a!- .;srfu 44ntata a !,vood source ei
weaker. At120 C(248Fagnghadaoifl- .;nAcrti f ludde noit zc sfae;ohrji

feceed by ' uelvriatimn fuv~u r' t&s However, th fl.x rcsidue

did zct &-o a partfcurly good base for funigus;*
Elects ofT ueturs Cyiz-4 on growth if the nutriento were supplied frow
Tensile Stip ctnld.Te results cwed that whl al

t o deerrJnn he efecs casedthe Euliered Joints wro weaker than at the,
'lo dter-mal hc affcd- po sb com-tn start ot the teats, tln'y wore not sigutflcaQntiy

bim~ thrwtAs ., a posibl coroaie , differentA from joints u-ged undger ordirery
four soldenz wee;oc, cycled bet-ween -53 C room ttunpentuin condtions.&

(-5F), 30 C (88 F) with high hmidity, and
120 C (248 n- Three cycles, approximately
2.5 weeks ucdrr each envIi rment, wer
Initiated SN h odr ~r loe oXNFRigu tests werev und-ertaken at three

tur t rom empraure Lttl U~o IS dlfferezi1 tempe -raturces to determi-e the btr-H noted In the strength ofl the Joints due ta hteo fte wldrd 'titsune irtycycling n tamrpe nature from what inigh hAe tee. . . ,M o!uder vrteyresulted iroxm agin at thoaa iur t,,mperaturv eecnu e n.osFdirect-str-esa fattgne machines At 1500 cycles
for t- sxmns time Literval The only su.b-estntil ignof hage ccut ci ~ pei -atc. TMe maximum9 stress for each

60-._~ &LaLtier waeor,~ lnli one-haf llih mean
~~ I SO~~o-SO~h £O' den; this eold,r may vezken uioaesrnt tts eprtrs

under n-ryls,-k cvIfci~lons of uie. runns-n atress al NO0 pounds wa usd to
ensure contlnuouz temsko'n conivitions duri4

HihHum Wity 2M__ _______w Tst test. The results,% whileo unclI-ausill]able fre-rn
~j~u~. Gowt Tetsim ,n anpects, dtd Ltvo a trend which car t4

amlMxaeto mlcrcb~uieic4- sole-erz and vubjedctc-d to a vbA tg .o, -.1F

So-Effor of-- -1:=~-at. rc -osit -,L

ccr ~ Cc r-5 C -C1 .25 Co *7C I *uo c

Vsn f 7 1M3 ~ CV TO 4 21)) 17")0 1150

I 3&&&I~b 490 I 1

I 2-Ct? 2)0 %O 14Z3 1110 1010'
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___ LIP 49i~ CI ese kasmu 1 of wuaro, welter dip

in (441"I ~ lacqtwero, and evea ao~dw fluxea .4Jee lac
Tete at a~z teme- organic mateials, Ewn > a cemmates, W~M

~form protectl ilmo IU0 ver the Metalic MWir
7Gen3O~~ 4C9 s11O ~ 1~ aCes to PrO-nrr-CL TWOl tiuesfint ---Iii.~. ~142 15mines the formateon o9 dald air Guffida 9

-s ~ I_~ n Loi. fii tot' rng. R. prevet., contamination
_________ ____ iUoi pei~UraO tio o SiS o inepit and

708n4t0Pb J07 L rUO 1430 SISC Mroido etchiAng by a variety-of orgaii
1135 iis corrost 'a.

95snM 22,0 345Bath lifxture. TXhe Mmot Practical gdwtork-:~<C~~ 1345 ble bath mlxt're for d4l soldering of copper-
A&S etched ro w,. as plaed beardo in i30 teo 0

percent tn, withi 'cad mpkiag tT the remain-maximum load encountered vu3 1500 pound&. der. The "uetccipet f0 ecn
a Iceun~iSila~riu ~muOwu~iga il~ja tn and 371 pecent len ofe the sht d-

4ton of 208n.-80ft solder, EbbS alloy shwe Vantage of a liqui*0 wwmerature approal-ver-y short fatigue lIfe. Jomnin baving higher tuately 9 degreevs lo'~wy, ulti A.orstoly
tenvile strength had longew fatg life. 'The apno pedn lnntreie
708n-30Yb and 95,%_5S, were equal in ten-
slon, but the gatlg v life af the 708n3Pti Bath Tmeaue tuedddp-

~. much greater. The 503n-50~b solder 'which rCuldlerlng tempeV . 7.F3n ar 461) to 470 7.
was much Wenker titaa tl2 L-,,% solder in Ternperatures of 450 to 550 12 are acmly in

Stel lon is equal to U~ in fat4,w I110. IS use, but the comnparative merits and nafetv rd
ineicates that, at normal teinieraturita, the this ,racfice depend on atdant hictoro,
Sn-Eb solder =rel bW & poor choice for use aich as the size of the, wirrn oad and the

- -under vtbrating loadAI. Nlo outsandilng reactioa ttittber of components ;Fich may Nh e la d-
wzs noted from any one sekler which might Ized by exposure to hea tom tMe soldiar bolIt
induce the dezftp engineer to faror or reject

'RIt for fatigue resistance behavior at 120 C B~ath Size. Thme qmmntty ol the Nitta rpntori
(248 F') beyc I th recommeadation that the mit~ gi t epoughi to przivent a xaducLon
2OSi-SM~ wilder ahould not be used where iN tentperaturc %ben tho to~emiyI dipped,
the vibration enr'oment Is renjdered more 'This Is especillhy ftnpogltent at fte low iera-,
critical by elpvatedl temperatureo. pointue uz-ed in dip o aroinghz prittd wiring

-~~ ~' PROfTs0~ CIRCUIW SOLDER=3I ~ ~~~Dwell Time. Dvell time intesldrb
YVellable pinted circuit so~uer jointa og f- 04-0or 03/3 112i-lezA -,oldero will gon-uniformly high Wu~yaeprue yI1 eraily vary botween thnee ard eight rcopd,

~-.lowing cmrefiffly controlled stepa, each of depending on tIi ize eaf the boaurd vndj the
which as It ~ ~ O9O~$~C43.nmber of i-onpononIg being goldered. The

wiring board or ioaembly to b-, dip solderIx
.. ... 11Since etched eogpper wirln4 boards do not ally and witfxir:;Tr In thl name mafner.

inen practice to e0 ctrtidlzte the bare copptr Bath Agitation and Replenishment. noe con-
areas with depoofte of c.ixmdum, silver, or ~ r ei~l il.3gtedt
gold, or nioyc I re,-fentlv vMt tin alloyed with least once each day, preferably after the Bol-lead, zinc, coiper, or nickel. (4) Hot tinning det- pot is3 1n1tially hated. Since masd-erlng isto also used to improve aolderimity. Plated alloying, that is, the di~i~Lon ol motals into

-boads ave upeior hysc~i hartermtic on nnother, a buildup ogf Impurities fronm
sinc they ponness better b itieI abi.14t comtponents beig dippd into the pot In inevi--vnd better storage charadteriaik. table, ind eventmally t9e coant-nilnued con-

tents of the pot witi edicredsda rs
~~ " The wiring boards used 1o I a.iseraliy start made. The zle=, dite of copiier to tho
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hentlnw unit em~ a longer to. dntania~ Wz nj-

ture Ii the Uqzqekl satee. Th ia e-i c
Curs ac ope iri13ta
lejvea t-o onmr d1efleea An W3,i eylen-
lnhmeat writh Fiare in 16 noo=e0zM7~ t main- CYk
La-in the mL1tm2r Qt the deflred ratio el Us
totber alloy elemen-to. Figure 5-16 sboin t

solder yo yq~torp1*nay" - h
indicaiedl Win-av. 1

1' Dip-Boieyza Cfh k-A estingj

Considarpaue effort wao axpan~od by9 th
Eastman Koc2k Company W~on a probgTrm In-
vestignting eip-raevldered jointa frnm Mhe

ataodpoint ~ ~ ~ ~ da 01ron'p hih mNMllc,.. e
in p uem,,~ (6) Thoi or i cowem oi

~. ~hot~in~eleanfl 5ig17. Din lI3 bUYA. d =0 ~uio

~~ ~ il 1 . ~tow w -ro mnnde in ths formo u eauii b
4.. ree o~ih i t~~~O . oleti production photo-oatchcrd bonM, o an

-m Flg. . A t~ical bwmdlo and dln5-
1 ~ ~ ----- ---- tributlai dechk In jhovra In Fig. 5-18. A oai

vcatnliew of g typical bundle V; 3ho;t . in
1,ig, 6-M~ Milo type) of alralght-ffirotigh joint_____t ____ toed~c Is wot geneorally In une. 11he majority of

C6 jointe employ n~ crimp or clinch to mocheal-
0.4 ACOPley cu., reux tile com-aCiiOT

______ ~All t.e -lipsldered jt> i eet2tda
02 . ____L. 0 F excovt one typo l.Incuoasnd lator. TleI tatswere =ade using % 5-secoond dl9 1- 00

perccnt tUn 40 percent lead sofdor at z team-
silver pernimr of 550 F. Actl' 'ated roam flux ma

0.J s- imwot
B- ismuth .

0.0 All atrength tertra ware mado usnigj,~l
L) Jointa from the toot btunfdles. The prraiilon

005 of tlwoo onmuplea waun stancrdlzed to Mwn-
a- 0.041 - Antimnony ik va-tal~es. Tho toeat namplea conelcmt", og

-____a - ~ S erles a p eolda-d jointg a"d 1-inch

0.03 _

0.02

0.04 --- __

100 200 300 405

OPERA)IN TIME, HIOURS .

5i' L~-tI C. WD-rulr piit trsze F11-re - l Bud & zrA 0n 19tibutioii &-k



dh'Ch 91it~ v,-M6 can b4 eclieved Wo produetion, At was
acovixd t-; a wire lead falluro indicatC
Lnt the dip-coldere4 joint naochnte, wiAt
iOat lend Ao atconex thzn tho lead MtoK,?
Therefore, ith the eziceptloa oi -impact til
YOVAeto, be1 failures and joint failuroo Mr

StndVR~ate ilnyo Joit Formation. Xn oVrAaUtkS
Toti Ac ncy lp..EMlereaToitfrwtc
H bun ~ 1 claf e v jolnt arc conidered b onoict e

iyn n"MO hn betwgien t h o wir

tho p1ioto-etched pnttern. Partialn Lo) ip

leRAd Winh MCel 77LbhrD AttnChCld nO'Eh~n b~

Valtu-ao. K3atirao were ol t'-,a tp,)o thoco
which oearr-ed in thea cip-aolder&4 Jokn,4 UAm£1

11g.~1).Sinco the PurPo,:; 01 ttiRe PreOgrz1

71 .. .Il..l'..

So,.-' JOINIT FA'LURE LEAD RAILORE

WeF dc:r ectico A eoldorcd jointD ha t4ilch the solder lflle)t in

Iarniot~neoamplMo. The corabinod types are uh!ewji In
bond asieiwth Fk1g. b-'42 which% fflbunlee Mat with )".Ol0-

. inch camot-l chrnranrce, Offlclonctev of1 98t

joint enI~ih al I-A'uhion in Oft icloncy. 'Me efficiency

cwre~ io rcoult of vioual intepctian of a

Ph-olir . >. a c Wi di-ooldered joint3 fnr eacS3
I ~3txnetaI a malr i tenly

~r~f o I-cwth) rcot &c-Qhow tht fr a ian2

poo erent i Gtfom thor- etic

Sodrp-ercent of all dcloctAvo jolnte were irro

Typiol seer r00ol tho joiiita (9&~ C3Porcent) WOe: Oati~tctory-

wl , -M Dz-ltaIN, 0- ece 4 Peor 3olntq ma.y forme-d whNm dit or
RLk-rcl ICnhA. Oaidies are preana 0:3 tho clulaco of tMV

=4i



0 6 Il - ~ Te resultz of short-tbne tenzile toot a a
W 14 shown in ip. 5-23 and TPable 6-140. In qea-

~I2-..--....-.'--.~-----eral, there IS a tendency for joint otrengfi to__ -be mainly a funicoof iro sue, and to Ir
relatively tIndependent of dimetral clearanca.

8 - - - /Smaller wires seem to hnve morm constank
6 - strength in relation to diametral clearanco

a. because, beginning with AWC No. 22, lead
z ___ - failures make up an Increasing part off total

0.005 0.010 0.045 0020 0.025 Ima ct qt Tenion. 1BvluatI2mg dip~-
DIAMETRAL CLEARANCE, INCH soldered joints for ipact strength in tension

a required the development off a terig machina,Fig. 5-22. Effect of diametral clearance ocenaln aaxilrt t ~dIpc
joint defecta. machines In that it weasues the energy re-'

quired to cause fracture. lu mang c a
lead, Th oxies re asume ~surement, &a~ pendulum Io dropped grom a

specific angle, and the follow-throughi anglesull of porous plating which allows either is measureiL The dilference betwveen the In-
copper oxides or suides to migrate through iileeg ziteflo~hog nryi

*ttesufc anprvent ncceptnble fillet taenry= th olwhm " g oto te nilac an pmthe energy required to cause fracture.
formation. Several methioda of cleaning as-

ombblt' components, loads, and boards imspr-ft.~clbainprcsars~
medately prior to fluxing are now being con- sri iari a lte o o 0cpe
oldered as a method of further Increasing tho strean d th n pleottleeg qied forNo20cpy2 'armflon. fracture was calculated. Rocut of those Im-

pat is ticsmewrnchceds
Short-Tinac Tensile Strengt. noe Chort- closely that tte impact Index iq conwidered a

time tnietsswr ud naBlwn tu nryvlv
' uthwark Universal1 tedting machine with a

Tate Emory air cell to reduce the noral nhe averusm 2z d range of viluzs off impact
24,000 pound capacity to a range of 0 to 240 strength in tWesion of 100 suamples for eacN
poundo. Thle speed of the movable head was I wire have boe obtained. Detailed mesulto

Inhper minute. oho*i that Impact rstrength Is inaopendont ol'

wire s.i -z r~ 1 __"

22 Hoe__z 1n

0 20 _

22

41C ----- O2--=-- .. 24 - * Z .

0.05 010 .01 0.20 025 0 030 0.033

nZ -nSOrt-tlnie tensilo Iiraiigth -A pi titched d-Mcd ons



TaWl 5-10-tnitrrd Dipl~o~zred Jointo, Average Strength W~
0.010-inch DtammArai Clearance, Copper Wine

I short-tie Im~pact In tefl5iwt
teeiie streagh

Wire strengthet JI~ Average
failuret

AWG (lb) Ripc ~ ed ()~IndeX V

16 29.8 100 0.5-4.1 10M 2.1

18 16 1N0 0.5-5.0 ~- 100 2.4
20 172 100 0.5-4.5 6.5-8.0 72 3.5
22 ih~ 100 0.5-3.5 3.0-5.0 66-

24 6A 92 0 5-2A1 i-Uf 151 2.3
28 2.5 I___ I - -

'Aveage umbe otsamples tested: short-time tensile Atrent,6;i-

pact in tension, 100.
? This f igure represents that portion of the total dip-soldered joints tested

k which f ailed In the jont. The remaining fail'ures occurred in the lead..~.j~i~ ! 1 This figue relirceets impact strength compared to that of No. 20 cope
wire.

I This figure represents a statistical average of both >Iint and lead failures.

diamietral clearance. 1herefore, the i-esulto unte ere"p strength, samples were tested byI Enowil in Table 5-10 r'r1 Fig. 5-24 are pro- ouspondtig fixed weights on dip-r-oldered jointI sented as r. function of wire alne only. Tho oampica until iracture occurred. The fille
resulting Impact Inden to direcly proportlonsal heights of individual joints were measured be.
to wire diameter. Incontencisa in the av- fore the samnples failed. Ihe otrength results

- eragoc are due to wire annenlfrg, elasticity, wrere directly related to these fillet height&.
and other tosit sample vnriables which cannot F~igure S.2L so'w the relationship el the ap-
be completely controlled but uoxld be on- plied load aid ti"me r-A-Alred or f.ueto be

- .- cowntered in regular productk,4 a lognrt% .Ic ftunction.

.. reep.. Btorrt Vi~c~o~ e creep The significlance oil creep strength io more

- stmengiF1Fh~ cosdce itopor evidenut in caeo where the relief of Internal
at characteristic gince a joint may fail tunder streve might caue frmcture. TIs ondition

4 - a relatively smiall contlnuous lead. To eWa- can ba largely eliminated in deeign by pro-

Le.od failures

-3 -

i?0 22 24 26

Fig.3-~- 1i~t trgth WIRE SIZE, AWG

Fig _-tIpdarhI ottiio hl-thddi-odoe oni
205-
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TIE.HOR

Fi.52.C*Vo-304nfeso fpoo-t;ridgsodm zna

vili3r~d at~3--- meru cm -~rgb - -_omtulA5 1d o

yonnt htwonfig sh-etcn.d bord&thi tensio o ! pht-th dipsolers caSsvfpimn n iti

i psoldered Joint Sitropglnn. ic h The oyikAot MisWtsisa6 l sed h'Idividual
beTwhp b-ttT aandc 7Aq'-'o bI lot ;o 88tll

sien a socx 2F Ui esetal I ddit sie nks rne
te sher k 'gt of the older In teflflet, ad In oiusg unpiatcd or thanlpf Plated brass
the method iorn-creasing otrength eyeloein
crease tkr- 'liet height. Figure 3-2>o AMiCus ithin trsl Vmtcpit iwi
tho relation i tp-soldered jaltit f7lUol height, teIsd g~~eo hehlivncvrdrii
to shodt-time tensile streagtk Fiuto-etd paigsoe h tiseie cesh

. ~~~~~coy. 'ctor pittersi deseign is a_7,) a factor i sprto ftepaigLttr oeursa
t' aio Iiirs rrerciip In plated-thrugh joints,' thereI in twnict

soldered Joint filets, No Aort was mae to tendency 11cr voids to Loran ib tie odeflh
take patftern defign Into conadTttraon i oval- thhoe Ietrnhofil CO1 1 O
%Wding method-4 el joint stresfgJwning. 'M) plate-kliwgh Joints -tompaired is.t T ablen 5i-11

folowig mthos o jintstrngtenig hve nnd 5-12 im grater than that, 01 AWGM' No. 20

fo~~jowothe methods of joint itmreagth h

betrewihntviiout. sucess:re SlIMCO ins components iagprCas'al hea 61Ykbj the ied wih-ILLe e--.a:

1 . Usting, eet rplat, edhueg hlaes.iv tflyr %Kvitg shemla o spccny1 resns erom
flarng or ma terl thtportic of he ithe lason thqe a d do th Intoeme b

boird around theo~ leeds.

diped ntotie soder - the oeall ont bao!tb.Shv ji .repox recon

Of ~ ~ ~ ~ ~ ~ ~ ~~fe thfehd itdI 1 hrfaig achlip nd uris on ide oiit I uci are
* the s4. olderoflletg the ai onl ~thrAe which stogrWa hla oitI hla s1

shows ~ ~ ~ ~ ~ ~ ~ h aoinfcntsrntvnces 4erall stonte sthaong0) Wstarnk joints thisD
dipeentFaigIocoipiie ihato makin tler satisfactor lotpah join rxnothe

dieof eeds nthedhliee In thet'flro atio @t infeto ona wld. ~t J$cLvin ushoulda
b orintin a ot only tih Is Intruength be cndered Ykfiouht. oy2vl oit

ofthe solder, it 5118 the nyterern ofic thegr1'inBolcjonls ~ml o1

dlitenedrion ofe,. the hire ith~ the pheo ina t cewne of ippin eswcsruxenta bins-CA

5etchxd board conmtribputes to (lie verall joixA diesm, it was roportod thal st~At load dippod



0 sults. Joint efficiency hao been meatoured only

J. iLn IE' I4 7 .Laoratory experiments; however t seems-

2i.50.lnaoaofilthih o hrt sueo tgo thaet of stog6 0/40 solder 74jit

WR .07 ~dicteion 0/ m dor, thmaeriasly n m
N ~ ~ ~ it th 16 de werfec joort, themw sore filletrcntseec

apeat top~e bet larger (8)ag ofcii appoxmael

A,~Ti is - 1rbal dueen deeciv thee fact 60/40 soldwhol

MW aoldd the secilar wirt ofze Ihe foldes fillet.

i0 ava 25prcn height grcrease ind ht ft-pal"
corepndn aveag 0alue0 for3 0.4 tandpoartlidfxuesfserthn,0

Joints.~oler Thisemnt oefo stent joint tthatetg TADR RM

FILLE cHEIGtHT, INC a95/en unitsons.r 0 ecntsrugrI
Atw~n soldpercent nstrongerpirentmtin andd

pig.r-2cu Rla d o solderin t appito snce- allo90 ie ostoga 0/0gl
jointst aiimn wasep Thcmmede forlt thiyth pe

onsiderabltion more ftongt thn matertiorial.
itoa the 60de per strti and solerletsa
appear.d o e rer ( ) Spcenc testshvebe

inreetI solders nit ighlI e testni
's iso acceptbldetheresu t hn sedohole-
lea etch moed fdrwthom ih sodrot beoe TC-IBN

0W11 ich)s alo can lgh ount Thf rmiging
aleten attern rto invetiglteonfshowed
tharh disn the 60/40r dsolder ed ont

cnducor 3pprenthiht icontaminatd th tn-r
antmn aholdier tondi wsresngthiblresorh

brdgning Baroe vonuctor dippedai

Tapptinabntiony to mpsithionch a wthar

forpasmed those tof ad0/40n ntilso r

Ae sot e cont2nebits a- patc Unande of5
proxtnimay 1as F troughede fhic theo
pticultare ple h apidatpoin in appol
atailbl 460t Fwhichto ind10 Fabes tht o 51.5f.Co&airprprie t mrv

00/0slder. Dipp stng t ine saifct0-r iesIontalrntxjhu 20e 60pretU n 4 rretla
oolder. ~ ~ ~ ~ ~ '-- Hoeirisffcet'ethae90

madeto sow tat UB cmpostionis btteV ~a eueci .lr nta xeiot '



21Table b-12--nelativ@ joint t*Sg
Short-time tenalle etrengt ImPact in tension strensts

I erp. on Inereaze jon ncrease
n~re ftivegt fallureO Samole overi. e - I~mpact "itn ovr stnnts-NO. (11)) sit ard JOjl Index failue

siz) adinti
No. 20 Wire, 0.042-hi hole, 1 47 5 ~ 4

flared lesd 1 47 5 s 4

No. 20Wire, 0.048...Lnhole, 14 30.5 0 45 112 -
brnas eyelet

"TNo. 20 Wire, 0.062-in, hole, 14 26.0) 30 24 124 6.7 S~3 91plated-thrc-.3g hole
No. 20 WIre. 0,042-in. hole, 15 25,6 82 17 49 6.7 23 8 Vepoxy res-43 on back ol

board
No. 20 Wire, 0.012-xa. hole, 15 20.4 100 19 19 7.5 7 515 114'neilac on b~c3h of board ~;: :

No uWr,00 1f2_9sL hole, 15 23.3 55 1 38 , 6 1

No. 2 Wire, 0.042-tn. hole, is 2.355 89 1 3 9

No. 20 Wire. 0,042-1m hole, is 24.4 85 48 42 6.1) 10 47

joint tgth wereits ft poriongt of t/ he a i 11ot t testedb whch f'.e in lf p on* noldTheremaiinnt a ii wit lcurend in~ M lonno
haIn fillet ozesit la~ ehor.1t of bhie Go knib1.le l i a"I zE Yng ro tl

stf re thihed fo l lgtyblwti eneo increaSng fillet height and toM~oo joint reghatiwicAs
made ~ with ed z n ton l/ngh It i/n beivd oiWchoitd o cv nypatcl~xthit teren noee et polinbe he 1_biy n be 2lef longprioto dip 0 ldr. FlaIrineasds werdcot fr ontho rgl dio otherunt& ilv 05/uax

3o groa No. wb6/0 Coper 28.4o 755.7e o~snthv W iiai
tNo. oit lppdwt l2 opr 9.4' 1c 2.ngNo.2 - -tiper 4.9il 0.5 a

adNihle u o. 1/8 She.! It to 1.7oIo original joi.4 do ntLr.2n rctclp11 
20..8ioo;cteadad



for acceptable solder flow. The oscorA dip fluence on dip-sofdered joint efficleacy. 1*9
melts the first fillet, but does not Inc rease generalizations concernh* design qwh-es-e
the final fillet Amze it Is believed that It tends tiona of theme patternw may be dmaLs
to disperse the -copper-tin a&Hoy plane with a
correspnding joint strength decrease. Tis
Is not true If some change is madeit e 1~ . Teardrop or stewif"e dkSPV1% n
mechanical con iguratisa between dips. Flare- apaglsocoeiInrfe'4Creu
cutting the leads would be an example of such attention should beolven to avoid Iv~?ttorn can-

mecha.figrtlfos wi1ch jive poor rerultz as shown
Acal cangein Fig. 5-28. Some of these pOOZr conductor

patterns cause defective jotats tdtfle others
Conductor Patterns. The design of photo-. result In smali or nonsyx~metrical dip-sot,-

oiet auto atirsh1iJ b- dye on fillets.

GOOD POOA

of dotw W shno ufd R 2 TO 3tv 04t ie ;4b

A

0)

unfo paiiv oroun hos Uo 041ti ~w0 WAtI

Sctide oldiae miswo

0 0 0
cont de "of ~ Thill om

0 101 0 00 0V

0

N 'loword large hole
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t. 'Y avoid proesus problems, tb1-e mg- 4. Wen soldering zinc Or galvanizediro
getedl rainlmum conductor pattern widtb Is -uSC a Volder compovitioa writh lMte or no
epecfed1 ao0.020 id adtheminlmmnelc ar_ atfrnofl7
nnce betwean conductors as 0.020 inch at any In d~sp-soldertw&j always one a oLanr pit

fone point. Whenever the space cotmictmet or bath wide ennvugh t. accommodiate woe&,
~' I ermIi, the minIinm clearance should be in- Piecea comfortably, and deep eno to Mahl-

civaed to 0.040 inch, and the conductors taim uniform temperature.
rbould be designed Po that they do not xew 6. Arv-Ad prolongrd lnxmersdon of work~
parallel to each other for a greater~ distance ?ieceg in a VOlder pot to reduce EzOlder piA

3 than cessiry. eontamization. Thlo condition Im to be avoided
.9 as It raisem n.7 melfia&, point of the uolder

j ~ ~ ~ O'_S AND DON'T'S FOR SBOEIUG mxu
1. D no soler nclen ~7. Avoid doable dipp-iig printed circuit an-

In-es, S. Don't pot termintIs to'; close toajether.
a. tine only rosin fluua. Q. Don't use solder to hold parts together.

~4~j* 3. Do not depend on a moldered joldx to M& Design equpmre-Aitnto subunits easily
withsutand meschanical or phyuical stress. 130lerO&

li. Tentatlvo Speclficalong for Roamn Flux 5. Lewi* 'U. IL, "Notes on SoMerlng," Tin
Cored Solder, ASTM, B 2641-53T, 1953. Revearrch Institute, Cbluinbw3, Chio.

I. "Workmnhlp and Dealgn Practiceo for t."Dip Soldering Printed Circuit-i and Dlip-
Electronic Equipment," Ordnance Pub~lics~- SoldzrcvI Printed Circuit Jint rhctoris-
tion No. 2230, DuOrd, U. &3 Navy, lice, Fwnman KMdzk Co., Ilocliucter, Ne3w

"Pcopoito~ of Soldered Joints," COrcuisz York. Prefp nied at &older Syrnoxlum of th,'
492, Nntlonii Bureau of Sandardr. Anaal LUeeting of ASIM, 195&.

4, RF2 ori of RETMA Coriferenc ou i211lbilty
of hIectrical Connections. Availa-blo fru=

E~~nghwer ing blinberreNo York, 91

&ibr C. L.., "'Solder-Ra Indnwnala "Protedilng o tbo F4ETiA Syposiumn on
gn ~~e," EKester Solder Co., Ch~c~go. PrlntLd Cirruito," Er~inoering Publishern,

"Prcecding3 of &cond RVVMA Cofrcc o3frk, 105&.
on El.bl.Electrical Connctiono/" Eno-
mtrhqg PVbliohrs. New lork, 19M~

-- lie
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___ Cha~pter 6

CHOPPERS"

A chopper Is a hgI& precialoo ~in
chanical dwecofEten emnployed in daa dr
digital conipoo, fire con"r~ syutoc w cr"
aysteema, or in tislometering uppllcailaw&~ R1 Io
uaed wlierc a alpnal to W- ampliir k3 in-- _ _ __ _

troducedI n a d-c aignal oy as "-c a low
2 freque~ncy a- ~1n4 th~at efflclevt 2mf ~ Fig. V-1. The clpe~-ie t% completely

tioin to difficult. Tliacbopprintrrotha~ o) oelf-ce.nlalioid ult. Cos cvtiozz may be
tO lov rotw~cy ae (i-c: aignal nta edi broui'4 Out to Cocke ping to perit
ntred rato wid, in affe-ct, convar4a It to a 1-i Imaall-Aton. P1-tall1 okii3 Ire-

tx~ae wae sinal.wblcb ~quenily prov$de aemn*e bi certala

1Tho choaper, so elu~m In FIg. -1, V-v, by ccr -,t r irv i, Eg -l -Al h a -b e

xmasu bearing contacts; tb..j vibratug "ergy paun o-Ln fruqvlW y "X~ other factora. Th &
being supplled by an a-c Oold. Ju w-, Ways n~ - ~o a-s n lcra

* ~~~~~~~tho chuppek' reeomblea a relay orq v it~wtor; I~~ olcretad~ bla a o
~ terenr~siglf1anld fr~oi~ in e- rived from xnoel~znical valwoc.

xsi, conotructlon, aadaA lci co
to thojn vtlr COlflpOn&n. 'rl majority o-f chopopry hAve a singlv-

pole, double-thrvw, hrczk-b foro-rxnnM coa-
BascalyIb ~r 1 2n1gt~pon. tnct a nct14Icoa'tadtn bava a mlax-

dotible-throw #Twitch (--a Mg 6-1), in which ,rmvlaer~ ~vln~iamn~ ~. ~ Iritin currvant rating r, d n12 at urdty pov'n
ihed covabl t a ct s r-'itjA' bed co n W fActor. c ostr -':CU M C the cholvor is such
ty -,n olctromagnoLL: fleld mulpl" by a
driving coil thruh -rblcb flown l ik y
current at a fycquency ci tir 15 to 040 cp.
Tile movat'lo contact clam's Ga CC* axwl ca-t- -LF..LFL-
tact for an Intervail refrrcLA to am k ~v Jul
Uime. Polarity reveryal c4 tlio applied dtlvlngV
vo~tagevlnos the movable arm vo th:4 the j ~ ~ r
alovable Corat;'ct clos-eB on tho clhe~r fIx L JL J

cnctfor u corroslun~ing dwell-t~~ n
terval. Th3 transit time in, called the off H1tize

Tt -Alt')-V h~ve dravu heac;Ity o, rlFg. L-1 b tklil alter d~n currenlt dries
Yskto n Ashn~ied by FY~ry* kic-ckM. at Nlrx MZe cho$jper to ciqk, x~terzpt- conf!ct with

Pr~k~c Ca. tbar at 1Wo fixo8 coetacm
Prc-~cte2C3



that there Io ito neutral positioni of Lh MCI- e
able arm when do-energized; the arm and I-to

contact wltop at ramlnaoneittwr cd i
fixed contacts whom &rive to renm-at- ~

Cho. :)rsare most frequently po*tiaged in 4

hermetically sealed, cylindrical hoiusbgz od
the order of 3 inches high and I techIn di-
ameter. Connectione are brought (PA to sock&t
pins that plug into 7-pin miniatuke or ocW Free
tube sockets permttV",g simple and spoedy sm
nj2talhadion or removaL

'1 COPPR DEINIIONVIZt. 6-4. Common time dc-funsW the temlA

M:Off 'tilme. Off time is tCM time in degrees during which3 211 contacts nr& at the sam*
44duriiii Tiich neither contact Is cleaed; it potnital. It ocetira onAy in niaka-belor-broak

occu: - twice In each cycht. cQpporiL

Dwell Time. Thfis iosometimes cafled Make or Closure Angle, The wnghi ef con-.
on t t i0 the numbor of dgroes each tact Claiurfn (ae-on MlgA 8-) ia measured fromjcontact Is closed, expreced in reLudrl-n to the tha point at whlAch tho drivin~g alne wave

_4 driving sino wave. There a t"o die11 time crosihs the zolro amuplitudle asis to tho point
Intrvls n ach cycle of o,.ration av il offrs ot .tcosuro. The brezking angle

Iiigtrated In Fig. 8-& Is refarrcd to the svaina poInt in tim-e.

Palance, BalIanco lo the differenco Wm~ Vhaso ALngl. The V-h ae an1gle is t0ie aulgit

d',we -Umoa on Wl trv fixed coptzctz, ex- exIeting b-atwiocn tho peak og the driving r~ne
prossti ind&,-r*,& mtage and thig nidpoint bet ir&en contact
prosedin Og~~~Lmake and break, t-xpreagOd in de -ree og

-~~~ ~~~l ~Common Time. Common time (ev1, z. d-4, h rvn ae s~hw nFg -. 'hi
hoqplmee angle Is~ I., -bared !row the 00d-ge

occus 1aniii-bforebrck chi~e .~ni kor 270-degree) point al tlai drivinig aino wava
the period durDng wh~ch al z!otactz close to- tte Idpoint Wd the on tires or perkod of
gethor. Mtimsunemenit oi comirne time pro- ceus
videes a more accurate asd inwr6e ail rarcaz- Rltv hr.P~aiepaei h hz
j rcd control Wblanpce. p laivofe e11o1 r. It Ihse ot, h 'sl o

i-~~cOwiIfine-d In tervi of the lrcrd d-.,- polarity on
OjiWIt toil to clote a ze-zcffc contU;ct. Revorsal

of coil or contact leadB Introxte a 90

V .dge change In signal poitioa.

af a -11i f re iin c i o ova r vhi c
-i - fare- y oprni c-* -ao~d,

I 'I -Nolco. No!e, e to the reaidual olde or signal
I aj; 7a7Thg Acrogrs roaiotere connocted to the
L i cclltacts' as Shown In Fig. 6-ti, With excltc'nV *.~ V-~ A applled to the ccolI aA~ no direct current ap-1plied to the cont;LCt..

ihoso f Ctutter. Ch.attLer to the physical bcxqce or
tie"-e ref , f o! th.e contacts occuirring after lbo in-

~. ~4 ~ ~ ~Itlal contact cic~sure. Chatter ia P-n utdeslr-
Dejl f te rI~ngniro a ro th.. mIkt Wble form at off time and hei axiveamd In de-

Nb(tten c-ontact 1.2oa1 .nn~ grt-va. If Lnor , tha4, e bounce occurs, tho
degree.. Dvrmil tin,* re.fers L, the minber of total clutter fr-ithe bc-gInning oi tho firm,
degred eat _zo CLI bouice to the m-i C tLo laat bonev is nueas-



2 / F1~.0--& Circuit _..Mignmtior for mesar--

Ack~ure~Menl of wnise values.

T - level Wlrpcaiious, w'eire the interruptions in-
Volvo entail voltages at high impedances,1Utile
oedc Is rxited fromt the electrical1 p:*wnomena

71; ak lonr mle I& msn;urtd betwe en 01- that arie woet trotablexome with vibrator Con-
two referec pointo of (1) tLe driving mine wai-n tacto whore paver must be harndled. The wewn
2135 crossover nd (2) the actual contact closurem enet emil aeaia

shows aM typcalosoecf.o(eresantioor. 6- Factors affecting tha abraded volume c-I
une n ~noe nugec ?gtO7 cnatmtlae atact ahapo, choice cJ

clxver hater.mctal, baniness a-nd crystWl ntrrcture, con-
CHOPPRn DISCi tact proeure, distance cd wiping, and atmto&o

phrcr4tioas.

Th'e denl4gn Lt chopporo, like OWht x ay
electromechanical dlevice, invoiven apecisllxod Larje dynanmlc travorEo, resu-tlting in liarge
analysisad Wsome compromlo for optimum "~iifgad ldg13 contact loads, is 'enefflclal
Meformance. Sosnn. of the advantag.eo"i 9,a far reliabLe4 oeratin.

turoo of well danigned choppers are.
Sasochqrppe handl Information aig-

1. xtrsnll u"d cnfInitio; .0 'aA 1r"e &Doe contaete0 2ro ofatxiv;1y 5CAmn-

cie or mnnitr,-i part; ablty to WI~ n to alfe* gVl, nd need not e widely

tIN hlth lnsta._ ltlyalntot stored onrrgies of tMe plainly and o. that th o output wzve-
Qyrtom when operated near rinnc.form appears raggvd end dietorted. The cauze

3. Rid, clean ccontact make :nd break. Is thl p-rv-recce c-I rsoaconductlvo or railt-
t. Hig16h cotct Preffajra. Cwoictive miatter in finely dividedl pover
5. Large cotact wiping action. ftflitn 073 tri the tccuitnulahmOS &n coo-
6. Inecneltlvtty to the rmal eupazions an rfutn eta steacwuaio fot

cutractIona alterig tho Jiternal enpacings. dlatbxxa pralucnts. Th~e effect on circuit opera-
ia agaitn Is da. to the large dynamic tra;y-

t-rae that requires co hypecritical g-etn.'s

oadjustents.~c c; ~r pha3i prlo
wrich, ieowewar, ca be hold to pr.!r-c; cJ

toicrnncem to- vriraticn usually cncomtqred
int drivo freqw-ticy,

The sier-vce life 4f any cbepperlrsinvartntly
imited by cerifaci behavior. T'he coidacts are
ffrkjecx to failre becauso they Pmay wzear,
pit, s tltfraaciler metal frM n can~act -ig. 6 -T Osilacope preen(ta of ccntac-,
to thet tfla . and develop resittncc. In low- chatter or

A_-21



-~ am~v 113 thst 4f a regftanco In geliels tNt UMe aoee (Ohpver typem. B1aolc'ily, two elaosl-
-1per C~tCno h crul to ens cationg; exiet: asne type Woarely plugo into 1-1

ceoo~l by the c aads, perhapo the grid 0of Atn cnrnieltb cht ~t oodI
amplifier l Ia cually ceowed through a vur- 6-g wotallc strapfa or coliare, and eeuredl to

&-bb alom the Cheania With nt zid hlt~ aoenlwa§6o
.~~ rike erratc ai~nai reanitng f~rom Mv ha - -IV. SP

&N-IMO is 4meu e cetuifed as P.9 directly with. the Spefied tube acket. 00her
a a tricter Wnwne "NOe erratic behavior doe -wr ipo aedrlgi th opnine for

m4i create a newr signal but, rrther, a~ highly teaahnu facaayla ie.~Ji
hi.&or'ad vebrsion f tMe ei48tin Opal~. C43platthn between input and outyqut iv IMPOrt-

~~ ~ ~~ aia, tkw costact leads are brougb u o h

tonicU leadsn~ioi thet atrte re-
asanlly teilinaed wl~ cthe leada eni atmhe

t~lZIO C~tocut kIconcnections are generally printed an
Ux tp dthechoppers. A. variety of coni-

~~ a~ectioas AF. Illustrated in Fig. 6.~~hc

ad actaL
1-m ow care al the more Ircqueaiiy

-'~VM Ty el ochwpers Available
________ ideurwera call SUpiY, PS Stock Items,

~ ~ F - choppers designed to operate at practcally any
I E.T6 -eay froi 15 to 1000 cpa anid from 6 to

M2( vrlts, Common frequencies are 60, 4003,
* sv ~~ Ans 503 cps; typical voltages are (3, 12, 10, 26,

a-qd 120. A typica 120-volt, 400-cyclo choppir

w ~qtires 0(3 ma current. Charateristico of -

typical OC~m~~ ijore r given in Table 6-1. In

-~ o gener2Al, chq47per welfh from onoe to several

-j ~-[~ VTON1AENTAL COINTDgflAiIONS

C an",rw ame Influenced by *m-ternal wn-

wemtabe hv nonmexta condition nei111±i
~ j,-sare arzdIically teraperature, freq~uency, volt-

~ ~ ge, sook vibation, humidity, corrorfon,al-

'~~- L Lonpihric pr~tradaging. !Thaa angle
if td, acean te changea only aliglitly,

if t al, i _thechan&_. uzunlly can be

r ne-lected. since moit choppors are lormetl-
"j, '" ally veated, nal sipray and altitu4o have a

's groater effect on the socket than on the chop-

Varliticon In Driving Frequency

I r-~~~ j ~A 400.-cycle chopper to uouAll eindt
I opeate between 380 and 420 cps. Figure 6-10

- ehowe typical phaso angle, &well finc, and
bldanice changes ovor a frequoncy range dfj3630 to 440 cpo. It vill be noted that the pha,3a

'~ Itig i-a piysici tetalo o yalci~I~pet1. aogle hatwen the driving voltage oino wave
Vig,9-1 A~ica deillcog ypial wppra. ard the chopper contacts incr-eacoi ar, fre-

21(3
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Phoue OI D It H

2 A 2aucpne ml. dell timo
a greater Portecn of the conta'ot cycling br,~

4- ao iequency increasou. Dqlace 141 at ai
F-z,-mum at thiq nominal pr1n roxsvA~

I riset; olowly sw tha operating rq" f

Ciqat fr) mnl Tho unee of an oxe.~ rw-
.Nr-,Ang netvorit to perwit 0perntioa fA ntr

yLz-so angle Imnprover; the chopper roaion to
izakatio4 In driving 19ec a h~I

7 Oeffoctn of temporatunre changos on th-3

0.1 0 ~ Iluotrptod In Ftg. 6-12. A canv1dorn-bcm
pz;1of the phaan, change to elfictri1an i o

Fig. 6-. 1%~ia -is'ref 0. livtmal czwq &;io thn chunge In ressntivuce 01 Me copper
co~ti,~. r CA' the Coll. Tho Mirvn 09 !2'1g. !13-12 am,

Tabl 8--alV * oeiic 1 ~~±in~Chop per Types

krr-- !W-1 Tornporatvav ratwd D 2 Tn-reA
tevc WeD (k. (11O.g C) vi1u &: .5-l

%7 400t40 140*25 15 6 52 5 -?i!?V -5 kc-0 G l00, 20
O.D 400±20 140-.25 15 I V 52 5 17L CY'.-r -55 to 4200 100, 1 A
0.3 60~ 0 i6 h 16,AX 10 0+I5 (L I xx± -65 to o in00 A0, D

171 201 5 t(1rr- 20 100,1 A

3.S ON20 104 10 15 65115 35-p -6-5 to +10Or 100,2 A
3.1 00120 147± tO 15 Os5±15 15 ?- -85 to +100 100, 2

Ci 400±20 WOO±1 15 65t 15 i8-P -65 to 100 100 2 1
fil 4001,20 147±28 15 O83±15 1.~?i -85 tW AGO 100,

14 0A 2 1±5 900 ~ 024) L~ s -55 to + 05 1DO, 2 a

120 zppllcd th-cci~i extommil ccc rt~ctcrn ctrcu~t sw pbacn :c- a~m~ng1o
400+20 140k26 15 0220 5 it. Ms -55 to + 8.5t 100,2 C

6.S iV ISM1$ 50 t 0 2J7 - 1'45 to + 06 100, 3 G
26 4001+10 140, 15 15 '7.5± 15 4OG; zz -25t 15 100's 0

6.3 40012 jO 140±2a5 Is 65± 15 3,01-p -65 to + SZt 100, 2 a

4i 00, 1 141-03 15 E0+16 2-114-9 -51o 1 100, 2 0

$,-I zi11405010+2 W+70 to

P 215A-t--P~

mio&rI*IncI .-Y iruthvr a.dhf 20P



?i 'V

atrno.Ppe61 utts& eu

~ 20 - ____ - -atplando. Figure 6-15 showtms the wen-e

phase angle of the same gxoup but ua; th@
phaiing network showa iu Mig. 6-10 tD Vax-

W 400 cpL

~ 20 Variationse with Aging

300 340 380 420 460 480 Wie tefA of typical choppers under or mal
specified condi~tions indicate that the~ change in-

FREQUENCY, CYCLES PER SECOND phane angle up to 3000 hours would hD less
than ±5 degrees and that the change in dwell

V'ig, 6-11. Phnme augle vvartation withim~uOc time would be slightly greater.
with uze of enteriiai Phasing natNvrk' 115-voil

tfulen %Ath 0.3 vohs, 400 cps applied tothe -
drivoe o1L The dotted lines indicate niaimumi 1. C
and minimum Value oath --pie'alot f"- 7. J:21 5

Vaito in drive tiVofoltteaipr'~ k'1

Vactonj in lntrclce dvrinl votagbe con-
ciAted bya~a inh current aommca 0-30l "01iie

Flguren~~~~~~~ ~ 314 5i -5atmtt lv oe eokcopr 6oarce to itta lo
fro apici onstu f 00cromenzm recd wn Innrmteci oth ar.Tpeiy

Diatrbutin otPhaviAngl 0yin dwlltime rcin In hivher VotAn 1v0

Th-fsrbtmo hz nl -t ohm- flcroma Ch'j oactlto hs n hge
tha 10 lotsrn fromuce th cei~ to th cone-

eZoe 80 th! -jpot iig nIr Toprcurrn omecl matktiwg;ngio
14.1 r 6-70 ind _-1 z4- t

7] te 0- v sore ito copcro ont uedt withinthtrngno t~ofl-

froma poducionIro of 00 hoparo ele~d atoy -n5 trom the Coi athoug Mo ae latedl
ir porfom relstactorIs digo toz -15 C andu

3hm f erom Mt 130 C o th le- ver syl hiert
than 1---* 65 ~ hn dfre v rom tane oil0 to th-0 c_

< Ine pmoaufaueratutere athouth sm-
DC .10 pont gpratenvtalong the range . - . in x-

atprfoxim aty 10 corlte mi t -G Cin -pic

f?11 to12 t1f25c C.1 Asa~rnxr pari~u nii y t cu lar of hi h a hr a p- tlco
pb2~~~o 75~i dende daet -65i fo the reed ansonibl 64

1451
dogrees ~ ~ ~ ~ ~ ~ ~~1 at10CYAh au- ey ift

-..._1 65dgoioe h ag d0t 5C
One . auzeve gttr .io~ c

-6 3 1 5 .9 e aueg4ietaog terf, . .i x
-50 -10 +30..70.+100........I..eg.F..........................

aprxmtl 10 mirvot . fra .m r.-- *~~~~~'-TE PE AT RC DEG~ C 44~*.*4*.~~



03hn apei m i'der chex~ viafr~ av~tbo el,

Rtemo~ wW i rtinitimn witmded vibration to 10 W
gIrow~ 10 to 553 cps and ares onntructed to Leolog

YAz= mp3a0 2hcoc 0gi w = 1
ntininture unito opcorate "-p-oy vibrations up PH~ASE D#~IEGREES

to 3 g t 5 o 200 C3 nd t~ttad 10-g ig. - -15~. Darbtoofph"- angle in pro-% Lyatg l~ &UP~dwduction Iota; 115-volt 400-cycle chopper pe

zvn exteni piang netwon-

lermeticaY lly cld eCoppors, often toi dry swokot itself. Rolling off the reopon~e Ofl th"3
mitrogen1 will operate at any altitudo u~p to ;a--c amplifier jUwt abt-~e the carrlerfreqnqmieV
50,00a feet. M~o-1 cl ftmm =r3 trated and by adAtag 2hunt eppaCaitance n.so i:,PL

ows for modulation and ove ffor dThin

ernIly loasibie ca- the basin that d-c nmyi-

xi Are mutchnel recoxxilng (oporoiattnr
20 MIND ~ -pilr w uualy comeO in pairgi) wo that a-II ten oe choppor can ;reduat the inout to tire

-7,E 0anplifers and the otlier demodulate both ot-
56 5960G 62 6'4 60. 68 70 72 gmurlv, thuo prsoxin; the ratio of one chopper

AlPHASE AINGLE,DIKGREES ~ x~~r

71Z -3-14, Oleti b-tion c4 p -g Io I n a -

y~picv3 podiuction lot ol 2 6. 3-~o dO-~ce eaachprsr yyofnemosi

1; 1ul circuitn, It lo moat Inmporst thd he

I ~ IntM to vwimtand E741 ayrny anud Mgh hu-
milty unison coado-nalon curs around tha 430 Ohms~

APPLCATION~ CONSDI fOIN6 400

1nM a mrw pllcot-o10, a prime 0k3OUVco of
*txoublo arin a froni tho uaoe! ongl c hoppr

to prfon -bt ftuictoa of norauition and do-
xnodul:'.iIa Thi,; caem to occur bocaue h
mtApu usb~ght to the oarmetulx, ooci~t a g the

inpti. Onae cure tis tho use ol a make-before-
brenk chopper go that aA least cone end oi the C

zucb a chopivr jlttorv, or the contacts wear

en that it loooO its ahoning acttion, the circut

lo 2bruptly dienbled by) InteiiA o.-cillatimn

t ln7 the centvr bnwnt cd theo eoc1Xet &nd uolng
-sitided Icai.. helpo conuiderably Aicco -meet ng 6-- e cdyi nework for im.ntpultioe
o1 th: ooupllng c;apecitunce resIdoo In the9 tubas lraopge



X.pIotedue HL noise or pick up HMttO eE-

are dee-NlTu ty the manuactrer w hviR

1/ t MgvnIYM otac tw nuw Gaeos

2 ?2 x01 volts volts ;wa&irof.

Ig"Ith) o hppoR action and
wWenabla u cer tounderstand their

propgr aYPlCn&1

to aninfro'R wlVce that POSeseesphyolacal
~ < I mans end ttnt Nitatq and torinnate the

nlowc 01of eheteurent In a rapid manner by
Nmeans of cnst.The output aanshoen in Mig. 1C C+a-

O-1? CMn gcarIlNy h3a Une-l to td1eCuse the fR 9,R ~ l 2

altornatively etcti--ng an anaplier gr-id to a
source e oftn o Pi ad thoul to ground Potential.A

2h m nueM ccatat in thle ma a(C)

ox to inodolts atiw amplifier Input. VigA -18. (A -icuit of Fig, 0-4? rodrawn to
enld trAy coil capeitancon aod coilbaac

____to ground. (B) Redra" n L bridge (area w~th
Choppor ana la of two general types, Glec- ltumped rirtaudwce. (C) Bhinplificd iquivaent

troatatic -'at crm ec circuit ith cxproneln ori not a apiArirzg on

Electrootatt tWelso V'or the present PUr'-
I p08, iucuoemn 0of oectrooatntic noloo If Urn In rig. 6-18(D3) In bidge ions-k with R2 anti

lIed to pickup from the driving coil of the R 5 lumped In pfarallel and acauiing itogligible
chopper. In 134- G-13(A), C, mid C23 ar-e ttray isource Impedance. In practice, the s'eactpuco

capacitances fromn either end of the coil toone of C 1 and C2  in vry high comparedl to R1I ancl
1 of the- fixedailac Thio circuit Is redrawn 1 hen R I and H 2 are in thu gie raio an 4

C1 and Cg, the effetv olf the two etapacitaMOceI Iare e-qual and oppoolto, so that a null eist e.
The actual noino appoarlag on the ri of the A
amplifier, e,,, Is given In Pig. 6-18(C) Me-

I 5cause RI + r 1 1
0r the constn vaue of thb

IL~ ~ etentionmetur acrossq the coil, it lascosavoniejig
R1 to choo RI/Ra af; tho tndimpadont variable :

I --- ndj to study the noise as, a function of thisH > -variable, The grid liclu vroltige, e , is lnar
with respect to Rt/'R and ts proportiona toD

_____ -- 'I bridge8 Ua c :It -RC1 RaC,-

The) curves plotted In rig. 5-19 shea' the -n.

si.4veo A-ao ofoaway fo ml~uve
1 A I -mid 2 aren the results of stray pickup he- x*1 -~~ twoun pino 3, 4, and 6 in a ceramic n~aI ~ ~ ~ udergei~ evalu~ee for tub socket alone without the chopprrdge

4 ecocon1VW-Az. In. Th pofntb for Curvo vera plotted withjout

N



$ ~~~ I. Unshiradd ceramie "'- ptal 1$55, he'rn n evakatint 02e efects of this

Pins 3, 4 Mo S, 400%1 - 6finficesit Inffdmatioz abO- ghaeona ao-
2. Shielded 5oshe alone actate uith chopp-ay cpera-imo. The gaoise 9a
3&Shitd suclwl plus UihWegA &a ed wpraivc- 6aing the hal cycle

eh~~eptil 7 10- grd iu ungrounded. ha 'ik7 S-WIA tls

W content appears intact oftS ewc-;slation
a 0.2 0.4 0.6
S 0 0.! 03 t15 - .i.R, The qhare relfnlihlp,;fm a yplciAchvj-

Sper vis phase angle a (i5degreoe a
~ 20r shown In MSg. 6-21(g). Obcero an Indicatas

____~- 40 the desirab1lity of a zero plsaws augle choppr
.56 .,2 ince atc s 90 degreez, te d-zlevel vanishes

m , the fundameintal of the Kr,,zIs In quadra-so to nd ual, terefore,

%20 I Unfortuatly, Fero hacge zvc01 ttorilo!
9{) aly Iaosiblo i Intrinti-sr

40 wover, the affect 01 zero Pha 1-0 avd
by designing th chopper to hare a phaseo arqkt

k-~~ ~ ~~~~~~ ig. S-19. Variation of o, for "several types9 ofaz8Yere.Rvre" h i eeln
rhieldhr10 the n I nother 100-&dn zoiaeShftilt

a r-3 nittmt apprent zero phs shift. Urmally0
techcppe r is dslpco for en altl a pie

.. o hielding the chopper or lends. Thi ie ths. angle1 as is to?') nn~hlkq~ei~' ~worst possible case. Curve 2 Iiustrates the
condition with shielded leads an tebynt It alitoul be pointed ci jt for vary Igu
grouinded (the, biggest saingle limprovemnent). noise levels, a IP1 simpl l Inw i to eimploy a

~ :1 1 . Cu"rvo 3 rhowa the effects oiaddedc Tpacitance Chopper whose Coil leads Vr cededrth
retMg rmplugging a chopper Into this top of the ceam. Thio &e-try, i o; e7,

-d side ocksat while Curve 4 represents a tent, the facility of a ping-In h~irroe hutR
la'>, ratory doeto.-ed version of tho sarns chop- hav the. advintage of elm6 fs aleheeistm

* per to shlow the limits of extravagant internal entirely, Measurements -A oultisypo o choper
oblshi:'dng. For Curve 4, only (I percent of tha resul t wi aise of e,, bareoly cVvcwNnb_1a intha

'i'plcitp le contributed by the choper. amplifier backgrou-A noise.

9 ~ ~~~Excegsive rolder fl=x and the hygroecopicbhvo iugae ea~scncm lc

the foregoing analysis by establishinglaae
paths. as rose the tube oc ket, H,~ and R4 in
Fig. 6-20. This not only increaseo the noise
pickup but in genera resuflts in a brings that.1
ciinnot tN3 milled. At *iUO cycles the reactance

o(1'nit) (C1  Cg) Is very high so that

kept high. Teflon tube sockets3 help.

In h'Ippilcatiorls Where noise e nd amplifier
offset are, critical, it isj helpful to) ope rateI thre chopper at. frequiency differing from that
df 1' sn-n poweor siource, for example, a400-
cycle chopper in a circui 't powerf-d by a G0- _.
cycleo source or vice versa, so th1A Plate
supply humi and f ilament pickup caninot be con-

erted to offsets of either d--c or fundamna Fig 0-s. Atie o loala - paxRZ1
. Chopper frequency. 11') to circutdi of Fig. 1-8 (r14

N~j 22
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4. 1 chopper. Fortvwattl h lerszl n hI~~0 I x~h01 electromagnetic noiee can tr w ma43 to caieo

f Wh. SlINlix-OL) deliberately introducing e, and adiiitin the
-Jr '9 10 Coll potoatioweter until the nvtoa ctttp io

nera Sine a, and e,.,m aL liear in a,
so ~variatIols in coil voltage will -no upet the

settng; and wince tinqy =r ftxe phyiceAi t ~ coastantc, there rilbe no el i wie.
(A~ Invetgation 06 eleetrostalic andq 0loatre>

% ~magnetic noleei phonomena way ba aided
I through the usa of thaecirct of9 flg. 643

twis iPreis bnt; the retn lstoa 6a
nohrwith dir-ect current while a-c exciAta-

abesOn o to mpke individual mcenarenaent c2"J~ N 0 Coil voltage the e. ,and ae0 noise component&. Caleion must

epe'Pickup to0 grid be observed to avoid overleading V*r caill
auContoct voulogo With d-c ( Werant.

Chopper phalm .np1sai2FedNie( Itle.X g
(8)6-4A), a metallic &ioa iWy -5 Mioving

7, array from a pezaitiroly chaemdW bedy. The
~~t 1/1T-g. 6i.A)Flta electrostatic field readjust Itself Iin eL

signal outpuit. (B) Phane irelationship We ylc thtfwr -e eniaeo A bat orie'
*chopper with phaoo angle of 65 &,mg to grounld. T11isg lreri pe-J.Tlie carges to

I ~flow from ground to A to n trlathe3r Ce-KElectromagnetic Noise., During thv balg cycle charge. The result inn-: volL;;aT. Irrn, zaes aros
the grid Sea 'g. -11TA)) in grouwzted., mg-
netic tines of force from tlo driving coll fn-

tercept the loop soc formed anti gonenle a9

magnectic field from the cce1i Intercept . thIn 25
loop and genera-tes a s-inusoidal noise O,d
fundamnental frequency as shown In Mig, 6-22

t ~ ~~~~der of 10 to 100 mic revolts pa-t-a - j+ W I
B). he g niueo hnniei on the or--or' JrtrP

-~and magnetlc s~hielding. Thin; noise cean rot
easily be balanced out, but various mzav ens-i ++

- be devisedj whereby a tingle turn from a con- -j

* ~' doctor carrying the coil cuirrent arA C"e off-
it -. i Ifending loop can be juxtapositiened -is cancl

-the tiotal loop flux. Thie muethod is n;ither ten- -

A a~iat nor tea practicaL +-- -

I ~~~It In w.ise to connect the chopper giei--+]
-F - ead directly to the point wher th firs

1 amplifier stage cathodo bira resistor isU grounded, running thin chopper loa d clos to
- the) grid lead to keep the arena!o tlw loop ~ 'S Coil vehloqeg

em-ail and free from external xanedti field& Q .i Coi-l current
JGrounding, the c hases at distant points iW net 10tgnia C

advi sable Lf low noise, in ipertar-t. Thiet ,
noise in sinusoidal and oc-curs- 'Jzxinu h rjCoprcnet
cycle that the grid Is grounded so that Fig. cc Chopper mechwnicoi ptzizeo

I 6-21(NA pplice. TFhe nannotic anisf e.,5 is La ~ n 6-321 (A) Zlevtrowxji-Av-,c~j
quadratr -ith the coil current and w o coiCU 1cnd &e (B) Ma Cgtd atr.. (C)
Peadent Onl the mnechanical phase la-g Y, the E-itn rrntdsmd phas1at icsYp



x ~-] pbrationo and thercby pickup Induced notag
(7)noise Is gnerated. Essentially, this noise to

sotai.feld int se man nermetiont stari fol
reference; however, this covamori surce cl
trouble in high-impedance circuits haz beeza/ -- ~ eliminated through work done by the National
Bivreau of Otandardo (e-,) NBS Technical Re-
port 1045). Noise-free cable is now com-.
mercially available from a number oi wire

"o.re Another noise problem
occurs as follows. Refer once more to Fig.

-6-17 and assume that capacitor C has a lezk-.
agp resistance R, across it, which Io per-

?LT. 6-U Recommended circuit for measure- lodically shunted across R. by the clhopper

current, the grid will appear as a conatn
R duo to the mechanical motion of z conductor crrnsoc.Ltth uretbabiail
in an electrostatic field. This fact can explain asue tob ieoaprR ol

alarge number of noise phenome-ina whee t ~vre ewe .00amoWb andos R, tores 100ee 1eom.00 Tim ol
mecanial otin i inolvd.0.61)9 volti; as it to auccessively shunted by

Fr m plo mechanical motion rvill In NIce R,. This 1m equivalent to I nililivolt adiwz

* of dielectric material&. Note in 1 1g. 6-24 that
relative motion of ay one beey (A, -Q, or
groud) with respect to the other two is Bid-
ficient. An insulate-d lead wvire, for esa~ikoA

:1vibrating aginst a wround platorrill generate -Mr +
noise in the wire, the Insulation eupplying the.-
staitic electricity and the wire mid inoulatiou +
suipplying tho needed mechanical i olion ret-

........ ative to ground. For thia reason, caro inu.-t bP
k exercised In choosing insgulating ma' rialt for

lead wire jao eis, spacers, and shock miounting-
Glasn, Teflon, aid silicon are only a fewi in-
suletors that ahow surprising ability to pick A
up and retain large amount of frictionally In-
dticed staic olectricity.

Sp)ihe nois In occasionally observdi
some choppers and is characterized by apulao
of nroire occurring Just aste ot ctsbe kI This pulso has a very sharp rise-time, fol-
]owed by an exoetildcy as shown In * -

ng -2() Ivs~gtonhashown thin to 9 0Q
bo mierely another formn o9 static fieald noise., 'V
A microscoupic quantity of Insulating material
tbetwven the contcts theineivecsps th'-
minute bit Sufficivnt static fitl'd whilo the ~
contacts, In the act c-f aeparating, Gupply tha
necessa ry relative mnotioni. The spikes, A;nys
occur In pairs of opposite polarity (orne for -'=-

ciosqii' Ztonti eel, another for opening) and mo
contain little d-c and only high harmo-nic a-c

V.6-2q- (A) Ge:'eritlua' Cat St~kic Pd r neiseA.
Cable Noitee. Shielded cables u6;ed on or (B)plk-e LOie gC1CrxtAed t7 cantaci brta

11cai~ kh pe.- may rCceive mechanical V.1- 2ctiim.



. at the input. There- are two apparent Woutmxe
to this problem: (1) Operate the tube vlih

4 cathode biasing at the gid current crossover

crenit and (2) use a hlgh-Q ca acltor surtn C 3
iW m-85 diltric faaor 2Xto imi beg

throhothe struce ofth ee inha chopr, i.82 hpe rnnr rmd

means of support members, to low-levl"IUCL&UJ 3
high-gain amplifier tubes. Couplete correws-4 W~~~~~in may require compalex mnechanicail daeip eaxgttoxtectdcl4i aigtm

analsisbeynd he ope f te eidpeoi and effort as welt As fim tLi gtandpoint offIdesign engineer. Acceptable meabue of mEc- gttingMeba Cs the ex-E -

* ~cess may be had by employing ruggedi lu uur 2
q tubes, preferably triodes. If it Is possible, fte

* ~input atage should net be placed directly ril-
I jacent tothe chopper location. Ali effmr SPEC=fCATMcI
II sould be maide to avoid the uwe of very light

- ~~~~-~~> ~gauge chassis metal that cwn doveloino ed Te nycrrzto ayqcfltins
G ustain symlpathetic mechAnical & tsngp3  KIflCA50WU3Afl c1 2-1 Juse 1055; but us
\75v05. Thu chma si Itself, esopecially it fairy ti a beitg rraic n fmd191 h
amnali in mass such n a tkrip chasis, ahould 'cqulrent g.; Dumysse by it '~s38 wht Included

c 1be firmly mounted to the) more massaive oree- itir
I tic-ng of the apparatu3. Rubber grommetev, uged

VsoecifiNally as vibration sulators, bhould big PLYA1~
UO Withcaution theL.y 01ten antisf

situation worse. Vorttnately, wicrophontes g lniisla rowihms
mm'Mdom areo a major problem and, with z f ymernrtcf sfalae() eocln

prcatone.& arl srou neg LftQ 4-c nfalaton ViA- Inforvwalici and (2)CthUno notical, fst.apin 6-c 213. Srvo oultoro Uzi

J Th cicuitof lg.11-2 shws chopor a- elea ad t lag rxiw 1T9z dl- sig1nII utenp~~Oillor, co bnTon in,)qo whih bnI b-~t rvt f~ la o
lore- ~ ~ ~ ~ ~ ~ ~ ~ i mwi hope dmouats tsow o! I qecyt furnish powe to Sim plit-

put. During the- switchling lime of the chopper JSMRSmao
* ~~ the amplifievr Is flat PAni the stray cape-

4 ~~~chancet C, may cause oscla~n. tkim
fcedback io regenerative, hIgh-fraqiacy c-a, The-rmocoisplo "'-"plfiers are san o e

or . ~~~~~ciliationa resul. A ood deal (1 cr-'.tr c ttheo-nclnnipiclm.Tedec2~ an e rmoed in effect by careful shielding current frvom a thewecot'pia Is cho_,ppedTtl
4$'. ~~~at tetube socket At volta&6 Taint aboe chewed cignal lt fles mi1idI acn

30,000, little more cati, bedn crutvto et~iona tranaslormer, or capacitor, couipled
If the1 feedck'-1 is dvgooretIre, l-edhae apifr.TeA-Mniitie output is rectifiead

j ~ shft may caulse low-freqwuency OsclilziaM to producea a ef-C V"na _ta Is an ampliied
whrch, In tuna causes thea output to ;tat. rfePlIca C4 the te-uzrl urn

plled, carefully zdp~zr-d ulbe =rplflevra will
CFomP Vie5I Whorngdoaalndn~r, 12 e lwi -lei Zu-c sigal masctbe am-

feedhack, and microphonks, It is clegr thal balanced neiiec aunplLflera can provide
the design engineer shcrld makez certain thxl long--termu rUtalty 'ae rlgnionn[the unit he solects wiI1 perf orm in thie clicuit tW conditions downu to abexd 5 mslex-volt;,,
and for- Nh6 appiation Intended, In any NAwan but lo-n1ao ntuns.tp choper5 will

'K situation theg Advice of flee raufaclux-rahoi pnwt& a sensitivIty d-nto I microvolt



in thia application the low lMe dc inl
M."in chopped andi passed to zo~ aabpA D-er whero

the amplitude to3 brought to the desired leel A-C eignal
The amplifier output Wo fed to zymchrno II
operatixedccitacta on the cho~er, vi~ch return

the Signal to At& original1 form. By accurate -

preservation aI waveform in ttv amplifier,
Offner reports that signal coxnpxnts beyond
70 .percent of the choppier frequeady can be Referene Phas-
faithfully nepracd. (1) VoDooga Shif t

~~ rull-wave Mtola±e? rig. 6-1r7. Chopper uiste in MIl-wove ywn-

The circuit of Fig. 18-26 to freqwently used
to obtain full-wave mnodulation of a d-c signal.
When it it; desired to obtain an asivplified volt- O5.lvsoigthiIoatontmahe
age from a low-impedance soumce, such as a aiitn,
thermocouple, this circuit In cutrenmely use-
ful. The addition of a capacitor across the ml~2~o .~e~rn~Dvc
transformer will aid in avoicnig tndx dve
surges coincident with contact opeing andu' ~2 ~ tncoarn i~
may bW used tit mxxiy ways to meify the ouiq- peJmiritwo sets of nformation signnk W-ain-

put w7aveformn. It will he note ta thlu circuit trodueed to a com~mon anxnilflai . &~T3

11 renembles that uved in vibrator te-chniques. If operatHo of tw~o chojvx rs Is prjctlcaA ,-au

appreciable powver io to be handled, vibratoy wim5 ft variables of toraperat:'irf mu r

and net chopp r technques 04ou:, be appUid

Dinodulztov ModuutiOn and Domod'Aktlia

Full-wavo y-nchroncrus d edvi.afion isfro- The ecyihLation of modulafloD zAn (ftod--
.4 ~~~~~~~~~~~~~~~~~quently desired and one form~o ici ht l~ .~i n hpe sacnle~ n~g

prforma this function In eoosm Ln Fig. 6-2T(. G-Z'10. The uppor frequancy .itnit to 2iix3 DN-lx

4Th3 phaze WARf device or- ablisihen the desired t.ha cloW 3r drlvl-r frcquency. Thevo is n kas
phaze relationohip bett-va LN3 signal voltage c4 signal level from haiA-wavo demzoi.Aen-

and thea chopwxr contacts. This circuit di&-- Duriu* Uhe of-time of the choppear tere~k to a
fl crifnmis agninst ot-t-of-plhar s±-Igai cm5- poribitMy a of fllatii, which Isfi ae

ponents. ~~When the amplioir gain Is ighan e t

'm iu o capacitive feedbaick bIm-e xt
Transvqr Dce oarli' rei hse ucoli±e-

_________and ouipzA and can be easily avGAdedLbynakinPg

tvchzm &r. Such an application 1,5 & t= inused to aamPle tha Value oi axn existing d-c ~~.63.i bpe nifete~~
Figure 6-~3 is a simple chG-31. Iniato tai feed,-ack deeeave or, y th e '

u-- drOOm, iri

E Oc E~M2Ek

(A) ~ (l)-_

isition dclt. iij e~opr.

223



Function A u -cioi A amplifier, 2v 91houn in Fig. 6.-33. The choppev?
-p 7lodicaly g1roundo ih Input, e. the ampllev?

inpn. Ouput to pravide a 3--ro reference level. The other
contzct ofthe1 clxnppei' rehiaerts the zero~

LL-C -I ~levc! at the antpix, by groundingj th3' outu
I periodically andA 180 degreea o1t of phaeewith

Oupt the linlpud. Ayitons In this gnralrea arc

ffoo-1id which w3, raake-before-breali choppers3

Thane apllcatlon5 phIce the extdreme burden
o(~ reliable y- formance n 02e chopper -wd

Fig. 13-29. CowMBM anipW!2r "mlow h- dlemand perfect contact action.
puts vad supplIls tw oc~tuta throaSgh tine

ol ar Upal Comytaratorgi

7Ue coaiparicon of two slgnala and their
LoPOS rbsequeel equation to zero, tiluastrated in3

C-A?.

_9 I I

..OL..I [nut Vffii i'g. ~-~l.Un~i~ to ch~ar In voidi-cLo poss
F1~~~~~~~~~~~~~.fi 

t i 6- 0 o m l i. o a1t o nd d m datgar e a iv c aUat p t

Inrpllue vafoq Figd. This. leow tVa frcqLnant ocurrdnre

ofwhich oppet or ten cnol Pa ence, po

quirinrg an Individua amplifie or ec hn-..

nltil Anor ofethod f idn to hppreI

illue ofn ti.wo Z.M chkipro x p p31g ra31
ar tio 18 nore u lp~ oproiecc-

fkicato of the outilty din 1h of-tm ctho ia t3 Ia anI-i aplcto t 8lihcop
amplifier i ___ elijier a1l voltae or ae n thellhikxaton,
-4tbhizdD-C amplifri; drivee foonrmee pomputing, inco~

whichn~ another oorag toat Inml tay functionre
quorobtan Individual afierfor actin, cK-C o aig 6ev-2olo1 pcniton.r Anyc~otn errorMz -

amlifioter pningh a unl bnd that lopei'As I s cl hpe noa vro f aaeaidfdt

* ~ ~ r 18 dogroo oxitirc~n of perallonto irequentley -

fcton oithe by p durigacoprapiie o otieib ing the paltieno e oe o t

Stabilized te gain an ift a didc-cuk hari poetio er3 Anotio I tcppronhu ed

ligaztZ noter vltao th-it s to Iwti-



chopal ad a Aplfe error signal to controL +100 40
sau xbvractors that feed the motor. VOC Command control

As a dewetor for &-c bridges, the ebojpet
asa numb,-r af distinct advantagesR ItoI

particularly suited for precision balancing idata~ motor y-
high impedances. In Fig. 6-35, the ihopger
is ahown amling both sides of a bridge. The
long time-constarit of the Input capacitance and
Insulation resistance al the tube prevents thdo

- lejr amnpllfr from recognizing the chopper 'Servo contral
off-time. Direct conneton to the input pid
without excessive leading is poosible if the --

Input tube Is of electrometer type, having ea- "--'

tremely her grid current. The capzcitor shown i.f4 Chpruedorsnacmpris
from gri to gicund Is usually unnecessary in gz-nvo System.L

- 0- ampifirDtgit2.l-Ileadng Voltohnnnoter

D-Com~ftrvoitola'uneterg; io a cam -1rativoly recant do-
velopwent Figure 6-37 Losis pif aUgrj(t \of clrcaitqy that enables axi unsrkilled o0-

c4J.orator to ohui.n a direct roazding na-c veiL'.
InputOut ~ d-c vols, or ohmse, withaut awitching motor

-oD-c amplilto "01 OT ..- anO:jtte scale diViiAlo B
suitabe ar~chlnga rcctifying, the input

~ (r~~"'~ signal is presanted to One Contact 04 the Chop-
* ~wJ *- IL L 5 Q otntiometer connacted to a standard cell.-p The amnplid difference aIgnal driver, a servo

- ALL _ _ motor to correct tha differenco to zero,
eratng a mchancal ci~trto prorvide the

1 Fi; &3. hoper mplfie n~d t t~~ts molor directly.4~ ~~ ~ drif Aduein direct Agl

4 sbie the Input ctia(al:'eCitd 4 Certain ciuipeir applications depe-nd oni the3
'3~dl' tha grid connection Is frsew4Uy clrippeqr phase angle. i'elnq, eithar 0 or 90

a-wA3Inthe off-bolance com-iditlon, the desvn omrilchopper; nre available
K) t. hewer ti-slverq an Bi-c wave whfose phae

advoltage -ire a functioni of the olrt wA
voltage Wf the Imnbalnnrce_ A VX-55 clectrose-

.doe foli in us&ed. Thoi tre of Vie iub
permitsB dir2et couipling to the grid W'eauaOf,

Iofl its low grid con-cit BrIdgeo-deection Den- 41

tho chkvwer. _

it- F Imbalanic, DeMtector

SosnawpniY sriliar to the bridge M-eectcar

iM rig. 6-35, wbhere a choqper nitcb-berd thdrcio du a 5~ Ctar4a er o

11-cto -o.R mesd Ia r9boetante odttlti ic~mo m!O-gieyuc- edtc~ o
-naitaLdcN-das



j~±- IXC DhriveL

current Io not available to driwe M9w eijr~r.

z'the contacts is likely totntmRedicog2&dtflbl
anu noise at audio and rado frequencieq. h: ad-V1 dite- maximumn reliability and stability may

-~ be compromised by the amid for devciri~t4

ator Is available to -permit using a &e powrer
source. The circut, shoern In flgE. G-38, co-
olsieB of a highly _rablo pbazo-utmlft oscllator

using a dual triode, and requiring only 6 or 12

n5 vols . Rt wrovido a 410cycl, 6.3-P Detector volt ginusida output balanced to graud for

jI AC~eruo nbiW-y-r9I a conventisnail citLbocke

'Nat provide a placa angSle ol 90 degoo with- + 0
C" mA aqdditional changee_ Any phase angle ote

than 90 degrees m~ybi had by using ________

ternal paefff triin oierionwith the
drie cil.Caacitive we rc tan o introdixedl

to capenate fox tha Inductive compoanent of l
the driving coil to pruvido any direxd pbarv
rin tioCnLhip b the driving voltag nti 14 & .. ,L.
tie choq1,-r contate. Thisa e-bitn-

v,,D~~k le luIat FC,6 a"donvk s llstatd ig 6-16 -as nIdTna y,
Oil-volt, 40cycle chopper adjtusted for tore-/ j-
wnglo operation en0 115 volts. A little lee7s thi YI -.

twNo vrite i4 dianlinled in the eisr;CCzal-
pwinorl nalnes of 5 percent are cc zn&4-5"-- 2

Technquesf for adjkus-ting phaseo ang5le vary d
Iefficiency Erimp~nrlcity with frrqvzacy. ---

At 6 cycles thez rziuired ercitnca values Fgn-p dlrieno pnnl ho
become, entirely too Lrg toatoz beix- practical.
Akdjustme.,nt may be Incorporated In ths deslIn prco~le/rmd- or
oi the transformr- primary or by intrc.duzing
c apacitacel Into the3 hitaaormer lrbniu-y.HihSedero

C~epmr a brnuedI the s1 noo ~ nter 7ytm;5g-
/currently In manuifactureo. Oa. gurc_

plus Penoonheriaz-pt rfa 1 aneSe-
Standardon give a ma3imum error of 0.5 per-

cent of inpu-t &-t I coo, Wi vzcelerativ± of

tr ick In r -ro r of 0.I p1 ce

1 8CbcrppcvrAmpllifir
Linknorn Wit1h theadvn of cornpsing r~nipltfore,

6lg -37. (hzc al ckpgcr Io dil-l-rcading the need for Ftability beomnes greater than,
vvlanzneczr.usc-erntvbe d-c ampliFqers can3 rzUPIly. Thero

1) ~ ___ _ _ II



j is inater systemn of amplifying ucect cur-

rjt clled he copper- amplifier in wich
the direct current is modulated, aimplifled by 6 A -

fiC-ecpled vacuu bibas, demodulated, and
ffiltered. Such a system iB shown i Fig. G--0

whreoe chopper accompPshea boith modo- <xv4 - lILlon and demoddatica Thi s bao the advantage
of haing free of zera driic but baa illimited
freqrzency range. Wile methods of modulation

an Geoulto ote-.-. hpesvlh

manetic moduLators or diode mocjulators, c.n-
be used, these eyflemas invariably utilize two

buckig voltages lnt ar nblned by ti
direct current no that matched componentz
muM be used& Thin inevitably lenads to drift Fig. 6-40. D-C and chopper am$lifirs ca-m-

* 4 ad offeet. Thea choppec in superior in thi blued to utiize heist Ieatsuree of bo&41
resjzzt. The freqwey range of thi type co1
amplifier Ini limited, if nt by the oujtput Il- these drifto vill be very cxmal comparad tW
ter, than ultimately by the carie frequency the enormouA amotunt o~f stable d-c ampltfica-

ofthcsznodu froo G, ence, e4 ay be p
plied to thelnput ofA and C, nd H, eliminatei.L
Of the two d-c Iniputs to amiplifier A, c and
ekAA, __ i Litter wi .; e m anhouzutCH of Hineos thie aize of the former 9o that fcat

- direct current Irs negligible. Tbl% s, arc led

included for completonasa.

Jnwanted c-fleet can ho ade quite small by
tic.dirct ur- making G very largeo. Essentially, this isj the

Frequen-tcy lImitton- ;and u desilred off set ~ p~
amltudc'estcdt an1 tangIble prclem- Ikil
i ecent as 19I3. (2 hsmpet mn oiR

comnlnng In'sv Paitmplifiera -- ato .n Fig. [Z-A

0-4-K G Is an wanlitier, ruch as thait mwni in(A
'F F~g.6-39, that peaces direct current and Aoins

Toi-- frequencleet. A io an ampltfh-r that passes
all Ircguenicies mil pas4se3 b7y 0, B y MdjcsEtin
011R, and C~fl,, the frequency i-ejmnaet of
Ca-Ch can1 be matChed forf . flat res5Ponse4! from

direct current to the uppo r -ii oA- A dli-
ficulty cxists In [b :e r u- hich nwi!tpar
both direc t Xand aleat u rean prosacatI

ca-rea til dm:t beadirc.ct-cospledvmeuum
tube and] might bea mwst rffilintly icluded in '
amifier A- Arrani-inq the circuit In this(4
ymaner provlides the ccQafiguratien cit Pg. 3-41r

A)oic 's tlGodl' jr Hcsser, ICnvciss odh irut

So-, "dutl of41coc gIpii i

* - * 1~~ - *-e -c ill th v ti *o A ' LAA5~-,rA~



Thsnfiare pratle-m perKc 16 any ccnventicwi 8. Rfeg~ic phaoe a, l~d~ e

it Ins o th afljtaL 1h ae b oe sI-9. &Antis nca I M et ldn Hawn)
trdcdI in a lifier et-fi tho eo eeefse eres

(averng)-grevs.

In aeledting a c .epper for a ppoci Vp- 1I& Relative humidity o1 opear-41g cfl rS-

the applicable rralitw'y ewreffication and the It To sustai ahock o -g of -inlliscC-

U t Lia allable eh ft6'i avaliblle Jfromi- com- 152. To suotain vibraUto o.__cp6 at
wmrda s1o.O& Hf a chopper with thD necce- ax-plitudS of--.... Inch, total excursion

A narycpaalfi.-eti Cannot ha fomnd In this 18. To tcurtain. acceleration of ~ fr
maner th mnafctwer can oupply valuble) Ine-Val oU....seconds.
ass~tanc ifhe i prvided with certain do- tM ntg:.ug L. taP

'~at tail nd requir nests concerning the chopper 118. Connections: .Z...socket pinr (9.lng-P
2 ' ;wand the funcetn it in to perform. The following _ 10o24 xeren.

cheek H9s sboiul he1 filled out ", a npletely 19. Size requirements (spcy)- _..~
ts possikble by the design engnSWOr and say- 20. Shap req lre monts...

t ~1~-Jpleinented by ;1 =chmatic diagram, when 21. Labeling 'aquirements
I ec7sy Tke sianuacturer's engineering 22. FWnsA curxene....~.
- s~~~taff will mhn ake concrete suggestio 2.C!oMaterial rqlcnne....

aimed at fMUllig te dewign oblectivo O-dth
- ~toV- SF' Iminimiuh d r-seir difficultles.T ftI-

~~ ferngkon requiredl i a followa:

9~:tti- 14 8 Gotact emmrraet .- nma. Ciffer, V. Vt, "Dr-Ampiore nd firotl

is4. Req(ulred cotact requency.,. rjW, Recorders, " jppe r'oad at the Society for

ii tal wceptablo Be evel _a~in,1 January 19T'?
aallivoitc. it Goldborg, B. A., "Siilaluof wie-

A. wmai L-ww ol nd =t1 emf dr- Band O et-urn Anplfova for, Zone

Blechar, F XL, QTaeit r m'lrclL gar Vlc~am, W11l, Rf. Ut. 'F"play avA A, L. W11-
Analog and Digit Sysems," Bell Syateni Ilamp-, Jr., "DC Airjiifiar WICth Re-duced

* ft 1$''' j ~~Technical Journal, March IN3&aoOt~s"Eet-ncn entiii
I Burvley, Richar..d it, "Tranniotee& ow

~~' 9 J ~Leve Chopper Circuits," ItLecbdh,- N-. Davioo. id A., "Operatcnn Abi pIfior
yf 4duamres, Ducentea 190. Rin, {Thqu-er Vablizadle;" tlectronica,

Ct xrupar, AK P., "Switching Vre-ares iced "Qtiliv IOS
-l as a ubsttte for Mechanical Low-Lnvel

t'-f Choppera," CmenicationanA lactroulca", dFt Frank, "Use0 Chopparr., for Coont 4

&w'u& 5-4 A Xi, March 1032. Automatic Control, Novewber 105..
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Excerselvo temperature ripe Io ono of firs AMR CIC UIT PlDMIITAW

9 irime causgeo of electronic equlua~ent (il-

conductor devices furthe oadop tio pofbeml Crsatbn ls~atn nc
e-ona.ie;fl one of the major concerns oW thto cati re Op rtoA AltMd asao
eloclro-nic einieer il continuo to lao 1S. ttp~ om4i sira~ ai dicIcoi~
0rmoip.Msinn of heat from the equipm-ant n a systa m desigi flit' 5nciutde nletbmftfo
means sef Lnguring reliability, -crry In off assXevs htIOO; by 012C 1f4*

cbiel% colingftoo, rd het ain .0 a flee' 4
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ap -h aknhs w ao set:() ~ s ly of cotng ir L ncrann thie Len

s4 Pl'.--- dbsmb' tomjr'II~co ()'?-lpato yenosta(.
- sqtipzm.cnt ii is to b-o usod In a Hand

-essaic~ as nas as -ti -n t( oe2) fr forom A lrz~ilzdg-si of the Lest to b

f 0'.1 ac oyli 70, C00 fort or highor. On
- ht ih4  nrsia - cA'AflC' thatof-3 n-I -- GM~ P--lrR

- - -I lan~ascd equ~pinent; basr vartablo-sltw de sir-n-no cbsna einaaei
-apeittte, nwianttE. bttrs rmA, bea ctii' roitdai ae arcrut.Chm

tevns ;mA unlite ic. elder w~th thoir. ax -J'ic

Tim basic vkocess ic ruaorIy i
*mfdheat fromp cquip~rm iif t-a the" eoarihn

-~ samosp ro re im rL 4-lsilor coxrdudlic'a. P~Titm~ng
and co nvcction. This chapter drALwth too
insane or incraaas, heat trne econ.- i.ipielir -s- g7-1). Any 6.ance mii>-
vection; that ';% by ci-oaflng a differsx-sco In x--rce Aix 1st-s ilov-mnt e-ti to mis-l tides

Sr -- 4' ~ 1Ar resuseby as or- blowers; so fleeSi (1) movemnent, Normally an imp-alter I3 d by-n i
C- Idth- air htdlzy tContact with the oqkttpm~ntl xmoor

laI forcie, out, thcxci-by bringro; In outsi aiU
or (2) coo) outsilde air ir forced !ita tmeoui- Wvc se o2 fanig -llr "2ttvx

L5hLhrbiforcing out time ciT.% pnilit cov-rr ;,0 p ol !2ntax blor-cr tm-
bask-S ix- vh meto for detemeinies the vx-rrN.xtt ;vaabk T0t mte ia-o

G, u olum of air loYw requird - She, geveral1 ty0 tn-p' )n, tui- ot, ifoyr tyr"x'i. The zzdvc -tixgaz
- "\ of fans; uod blowers availale zwv! the vnae of ccl- 8mmv'tt' sn eltta t.yic ena sr-

-- - ~, - -air filters cs lnmmmt a ouppiy ifd clean ail are 11mms the V~r l ~a n~kneencl
eo-eCTd' types uiwa-n eom
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Wig. 7-.Dil mplorty

71otl Pessre. ota prsouo intheAs, Va &Mtc Pessre.ThisUs he otn
fro fan Lne tofa o2 n

respectively. 'Where Po tnlol iuct tou-IS. o ilet of n apm T if)l the- ouert
TotalPer.Ttl pressure n the Inlt td 0 ROWn OTl Presu TIti thO fl t&tItotaylIS

no prensure readng oan inle to an olet sall prensre lend ath scednag vocty preseur

measured Iy Incho ofmptten, cone ii thwe fn (n Incha of i wate c on)*a a t pecied it
inlet~~-h duc rand-a spnoio Inne the doaat oult ut cr ardna

rect for itonuo thelfanilt amd otlete-Toquniy i~ne n oeo

toal g~ in blu,,ur orrii)-n t _

ave rage velocity detcrrnflned frnui the voIlume
oTI r flow at fnoutlet sarca It can beder-_p7. MGLthpo rvqucA

rainedby a ~ soe irat eaturs flu aM- Fvuc~b-ic feet of a1r per minute agnA'.ne
I rencoetwc total and istatic R-~re pressure of 1 inch ol water column and fin

~ ~. .durived in the. following manner. Each cubic

Lta Pr par miniute moved zjggainst a tota
StatIc Preetiure. Static presoure iS3 thb total prar o1inhwtrclm (euvlti

........ pretisune minus. the veiocity pressure. Rt iB to 0.577 ounce x--r eq tn. or 3.19 ii, per Rq
meaure IaInhesof ale clum bya it) r, prenents tho eiponditure of enerp_ at

tube op-enine normal to air flow. In fan nadr the ratz? of 5.19 ft-lb per minuie. 'The theeo-

rouflictent to coniprese the ir. Yor eitamplo,

1inh water preoaure co;irsnponds to a change 5.19
of air. than 0, 25 pcrcen,-.m the opocfic 'vlurao .017h

of r. thin3 reAoon, the equ~tions ueved
v~ loe calculations- treat air as an In- Therefore&, ith perfect efficiency, It w-ll1I

Prssre T~nis~ air prmnute movd ga"inst a oa.pesr
.a30r0~ ~ ~ ~ %3 whic au 'I tooa thefur . 0cltd o nh~s~ ~ieIlp

I~ tocily rate theni outlr at71 cubicf fee

Ai: denoity andl fan cpcixd. Total 'P,1c5ncy Tis the ratio of the
ro w ututof t:.e fan, based on capacity

pressuire, to the rhai poer
FuJIThii ~ Thi Ia h iei IrwL 1-n formuits

total. -flr (tn incheo o:! vater column)
be-tw"1n the Laa filet siTAl fnl. outlet at slpe'cified 0.000157 x cfni stgatic !-!ejorc

I'In



Van Otlet -Area. Vhas measuremei'a I@ ia n le
?eemndfrom tbe inuide dlnmenoioan of the -

Ian outlet. Thl- outlet area of a fan furnished 11o voluxne o-f air ari-l the tcl~l resita-az
VAth a diffuser is the are &tKeOfe g the eyoteni ropresaA tbe values wiidich

gu-~ & yarticular oplatime ahe tetl re-,r~JitArea. jhi mesre c D o etance of the systemcoas othne.
3ndioa the inside dime~ion of the -oletace el all elements eaoouutered by the

faa ilet. 1or a fan with inlet bogo;a, Mhe inlet air streiln, pluo ft eft and dust fitis
4fon'%'L ihl a th boxopnng&when use&.

Prtssu Drop This refers to the difference An informative glimpee al tthe relatonhk?
in resvure e-disting acsrous. a davice, Such Sae botweena fan delivery elaaracteric-ies anea-a filter, placed in the airstream. Rt Is tho ing capabilities mzy be hzd m 2 tlaeoxxvtclPresnllure measured at the upstr eam enPd of the 10ml.Al2-pmto rvn Qe~

device lOOe the pressure measured at the qropeller-typo gan at ?KO gpr will doeges
downstream end. The quantity io measured approyjmAately a0 m do CZ ze air. liuIn inches of water columnq. --uly far sepbeo haIr te

dissipation of vpprozdnma1!1 0700 Waft's in-'Uolume of Air Reurc A ld-v an encID~ed cablnet U-lelmiting the
ambient tompes-ature rise to 0 FR TwijcegFor any cooling Problem, thle vlume of air teirolndayb lirdbyincerojn

moved should be grout enough to limit the thc size of the fail and rue-il ' It at the sw
tenapei-4turo rise of the air Wi the cacloouro npocd. 11o oanao lacreaaa An Mir dolivrvg

'-f. ~ to a perminoible value. The followting lormula may be 2chloycd by dovuthiw- the fanoz
way be ueed. Whilo maintaining thQ fan d-t Oonstnt. U--

7--- the first caza, abeiat S. 9,1'ewa the home-
na 3170~ .owr WWf be fic-,11, inst !:e ifnCreasedI fir?,

IQycl. In the recond eaea, tho mol' 3il naee-
whore T peraaiesibletoinperatLwo' rise (in rxaotriit Uw-.es the korsepo;r --tcehro.

dere 'reoheft) omwer' vnCe a.0 tho naw'ed ea nd, and Liat
thea Doiso wAil be2 highar. he Vac; rv-.mie

N.per minute) Lain twice the output affl tofii , !
Much attN 3O.-1pim ripeed (compared

Lw poivernilanlta I&ee-aoeiro the 175'J-rprz c-eed4 gicee st-jic 64 -oreuro
(in Woviatta) va gi saeed salrd. 7-1 ah'freuld ' jnoczv

thatwhe a pjelorj ftin iz driven, r-t hxigZ?
Tis arjultlon permftn us to us-s th- volume £peede, the otatic prescore fernt--d b5y the

of a-Ir required vith known valuoci 9f per- fan increaes with the- aquar. V the i;-0
- aissible teanocrature rise and fower ;Lbn- matdng It itablo f'or use lo applicatieou

sipated i heat In -a typical oxample, a YF.adio requilring fmch astt presarx
tranernitter dinoipatee 2 Imw ai poy'"r within an
anclursed epabinet In the form of host. After a T ianleteba~~nneo
1-ormal warmup interval, the ambienti to m- ~ earptsaol ekyia ieta
per.-tur,3 Twithin the cabinet has Lncreeagtd h unrestricted asi pracical., Air flllta~rM. 1

rO. his !S 15 degrees8 morm than ca- 2 the hack prenattre by 0.15 to 0,20 inci ruff
tolrated by a cortai component with~a the wtr 1 weenwnstceedbdu.

Lcabinct, vnaig the pearmins.-iblo temjpoerature
riso within the cabinet 45 F. lsnj them '%we, of Blovmr Perforanay.Ci values, It ia apparent tht approximately 14.0
elm will provide xn aeqxute st.rean of flueh- lvaluatioz of the perlorm!anee' lmd -S16
Ing air. A slightly higrher volume of air moay C4 blowCafJ (c tnriluW4l czz ba carricd odl
be desira)ble to cornuonoito for nc-iutorm wt e~al ereofacrc ~*hot andi cold air minxing condlt-ions, %lthougga u)Plying0. th ne-celled ia'il ln !!ze
in current practice the saffety margin io gen zpply to groa 4 o -eme=trtc ally iia
crally incorporattd In tho adopted pei-minilble boe.udrc~liaa flwpear

4 ~~~t-eiperaturo-rica figure. A xnoro completo Vf~C~i~5~ c ~
evaluation of ai-~eeqieel ste- frora Fi ai h ein.~ riab&iehe by tko Ddeiial
oenied in Relexienco c. Forg-e .
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2b, j-i raio, a comprssilt prof- erie Caa be s ios poer alzdteg"3 he rowla r

0' head can be stateod foi incompreositbe flukin pressure, dllbchargo volam, and required
...... by the following Telatiox'hlpra power of a blowsrvt nmeifled Fipeller width

- operated4 at Mhe same preataM* ut zi;nus

z 4% ~ fnow volumee Varies Wn roi-6rp capacity at 70,000 Leet altitude, 33* a pecd of -

KPo e volume varies 11-3 nL diameeter and 0 Iches wie. !,, tMe followv
pellor diametex a C. lu g, .eubocriW I nafsre to sea-level oyreratl-on

Hea)d dep loped by bloiwr and alubocrlpt 2 raferv to 70,000 fe-at alttude-
varies as3 impzller diameter' H 0, operation. Vib preesure-rie o nlr-donebi io

Hoed develope^d byblowaxr enpressed by a cobination oi the fan Jews,,
va no rotational speeaAspt-

tiric w37 Hm ae on

HorsePOT.er v2aie sx rot>l AtP, d p 3  p3
tiossil qpeed3  hox rpiemn

?retmure rise varies ns hLa his gIven fog, the pnaaur rse

Horsooeg vares an density h1 p~ p~2(.03
Hlrasower waries a1, f7LOW (.0Z

volumae times pressre rca by OS QeD NChes wator

In adition to 0 the sove stated In :, in dlcag-oz-~ ealnr Iaise
asnunwed that when the width of the Impeller p3ased by a comblation of Loe iaw Lawso and
toi va~ried indepenently of all other operating3 by application of tMe width ratatiovsatp a

I varlablee, the flowi vol'ne mnd horsepower,.
will vaty in direact proportion to b ,Idth

0 and~~~4 that the pres-sure rioe will- rmain un- 0  ~g ~ fvtt 4

affe cted. ThMn teec va.riable bimpeller, width
t8 aken to imply that the imapeller isowe Qu\xMs

or vhielded i varying deagreeno h other

of a blovyer that has N I[repeller diinotorc
and width altered independi&y h bv The PLwrrltosi n xrse ylpa
wvidth rek atoehip must b3 applied to the QAIJ sinceCO ftia a~a nb

bloiowhoo wdth18 roprtion.A tthosame bennuse fle MmOrohoeWst Iof the mre a . Nlower 5n theor-1oo the i th mod-IfitA impeller width cn-pone !A t6
diameters. itie ascumpflop of tacomprsensible same ptercrts4 of maximum dinczharge anzd

Elflow throtgh the blowe %r lea directly to the hud tewos imvsD. h e 'r lucs
A condition that the peur rse itspropord-lofM ThuS

to the product of the hea.d and deniy thus,
4 Ievn thovugh the hd gznerate-d by n blovwer AP

iA m-aitained constat2 the, precnre-po-
during ability of the blAower can be gra-ly \Q PJ
affectedA by changes ha ope-ratig altitude

1 ~~~For exazmple, a blowe-r generain a ffived 'aegvs& h o
head has, at 70,000 fe-et altitudec, a pressui-e
pro-duction equal roug~hly to cane-aienteenitli-h0i ~ 4£~x

ofR Ian-levwl Vale 0&(13gjWO), (1.2 1

*Eiarspis of Use of ,Ain Laws.,, A2anesrd Themvl 11z T5 pow c e&* be determined by .a
of tj 7A useTLFW .fliF Olra of the itc cembinatlan of the Lea lawr (4p -,f & ani
asn6a"uptio1n that -in dlecharge v-elit aod cerplM21 X! twlitinoa nf the Th6FAN krluetktn-

Ivthe horsepowor are prop.ortlonal to tlhe Wa-- Cship.



10 Tyo ;cacsrcd elneceo Off Wacev Movlere1'j.
effctiel eoeeal ceanmerelally ava&lfla

T=z They are th 2ailvtye RA t " ..

enrfaltypea. Kn geneiral it io ielr% _ns L
K '~$thellhletMate Reueaeh trdtcevmoy

produce constant heat din etpetlen, preferably fP /-"A' A

it . t~~~at tCenrfglboe stetsle o onsLaut raurface temperature *If the aiup~-
mont. (2) 11b meet other rnleet 9 hows- -
ever, or to Copo with ertld yce lladue
tione, te axal fnmybe the bent saellon5 ,5-

-~N.Differeld typen:' of a'dal and centrifugal bowore A
I~ ~ ~ n aeie'mdin limited det Momh

This '171'o of impeller efiN5I to m ead

.4 1 n'e~wnt. They are the Lam'la -'ropellr Inee 71g 2zv- rercg if 2.

and a erorU' '-aM ed, Coeealm un ore eLfdlmnz-
design main5  )t and outlet vmwtao Nosv no

avarnat-al fan. In both tyrpes the air ceteA rltvlynrolomAeae rple
"Wd leaiveo the impeller in ~a iectioxi panrel lan move air at welocltienof elF40 to 1500 leel
to the lavePehe- rotor axis.f_ par moinuWe (through the PKrOo11qxhr31re), where.-

io-M,~~a wi,.,erago centrilugnl blovir re have outlet-

flow funily of fan1 irniy'llere functions-1 w-teNY
in airIntke ctkpa ie to in xremely rail A :Jo variety of psopeller eas leer, lableD

4 , relatively MA-ge vlmre ofm ) orferit rtysiai o ilf imared t-, air by thea aa~n blade'1 nw typd ofrepra rating AM~ 10 cc to1v00 a increent ofx e~it rasu rot fi
by nz the biasic, pler- typ0. aj je a Th

maprialy io in cs f01 o02 nhcf drc~n atolir,g mesrm fow, andr

.In! j, IldcdEte by peial, hig-ee touth HU-em The ange of air delG tier prdtiga extad

generlly peduccozwiernbynsorairnts-a. from20 to54)0 cub ic i ee per nte-a
The ai veoct fropoplr fwo sU is -6 w t cLn)

1$ geerl Aleir hanrt. faceths

no- blows The lmited atx pr eriur-niding c- Air~ delieryf chrnoriei cI -reretata-jr~n p city nnt) hi np of aaq p1inropellerondr ntpri tire 2 aAa-fo lae ar-ehaw VInA Tab leti
geneatin o hih veoci~es beausecra Th chrnOcit c of) ehigh to the elemhae

velociies -2 rAreen hIavcii pse. ofvanpted in t grap i1g -St rcn
CenatrivfuIgal b lers O are r -fere Hohejerd on wila rto te typic air 'vlumo* Iatatdie

g a highvelocit ai In 110ti revlre, or o prsore cominattonecnt f clcly availablero

- nheaever are A- uired tonc be~ ke-epe in3 ai do r xil-lo ananxiaAietoQt2lL!hniev,.omfoc
apreiz-l -. -xe of 0-1 tr -2-C-hol t

WAS~~~~~~~~~~~~ wae --.-na -Hgi --,muz C.. b1 Pro- -antl hig d-ikic wv- n~ prAlc by t4-ca .5--pc -aa -7- -o, Ti-og fardlvr znt MN
'Seertl P odc Co11s de am? -D a Wrnal-5 fo- -0 to WO *% bl ' ec Fi - 1"ea
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.2k th detiulmjle, h z=;nrn t ro- U filayb lvn
Me' ai!i -rw Ozi ihnasm

X.' b he fip of he mp er theon btlaa 1E, -

1~~Y t. pendicular to the a-xia of Impeller rotatiol
Mkaid to the axis of air inRtake. TpcAcnr
tal impellers are represented by the s9qrdr-

K fl whre high pressure Aa miodorata-N.s-Lor
zirls-andling capacities are called for trn
vhr 74).ucin Kr, bedsral.Tv o

'2 itiruction, blower housings, blower wi a,
PiA- baseplatos are of ateel, frequently prmed
pnd baked in ziu-homt.Inlet aatr
may be of steel or aluminum All nice! patg

> are. generally finished In a dull enamel; Aitel
bin-dr-ante is plated Wn pssusivatea. Alinnux
parts are anodized.

CentrifugM1 Blower Typec. Fundamestally Fig. M-, Cestvlni(ptrc-aa
theme 2re three differeit! types of centrfuttgal Co-r(American fetok n.
bios-era dilfurental$., from each other by the

Ucurvatture of thec Impeller 'mmzan; (1) for-waAr&d
currLed vane, (2) backward-cuiredt vanet', 1-~ over ;-n appreciable rnge sad tVen P. more2(3) radia vane '(see F4g. 1-6). Typical pezr- or 101o, rgpal decr as- with Increasing flow

ornnco curves Ofc a radil-vansa typ am, voin-ne. Vie po'ewer ha-ctrsleof the
gia .i Fi. .~ 7 fro .h . .tt . ram- blower differ In tuA the Eorsiepowor

&-peimp~ed n Oulm l- U oytem ~gr dD''not Continue to increanse with increasiagI aier~cuvoam ica InJ~t. or flow volumo nnd decre,:-Rn fz tic prtmsura
bazck pressure or- rezL-tixtc to flow offered txvi tren-hell pet. rak1e usurally; a bout two-
by to dueing an flow rath of a11a Vytm L~4 ieose laweg.Tu, il £
waxits as the &quare at- .1o velocity of air blorer with a forward-curre vane impealler,

flowv. A plot of the bach presosure vr n-- or a blower withn a radial-vans l-apofleor, may
if. 7rolunc flow resadsa in the systemn charecter- ov-erlo,-d Vhe drive motor vaka ope-rated wideoh lttecure. Whre h~scuve cro on -119 $> p 4tt (if desigoed for operaftion manr peak

low-er scure presure cuetor-9K e j satice pressum)), a blowe-r wdiih a backward-
P.operating point oXl hiree, r. curvyed vans Impell-er h"snacerodn

Teprima ry diferenceo betwen ths petr-
foa-na-ica of a foa-ward-crurved vanec Impelle-r rrel-Cage Blower. Squirrel-cage) blow-
and that of a radiJal-vane lmpolier iI -t theo CY1 W caTIod'vii.ausof tho tredilc-

otatlcpm-eoure con of he forard-cred lalu-ii of Vhvir impe ller blades, are urzed
2an Impeller drope aff slightly -I Eml

flown to g, miniium value?, then Incroasit
a pork value, and wubsequ-antly drops3 oft like
thiil of the raial-vane impeller. As for the

-jradIal-vane. Impeller, operation of the blower
at flows Cranaller than that for tihthe Oa
maximum static prziseuro 1i o-btaind tnay
be-can usable. The horsep)or character-

- bd~iets of bo-th blovwers are simzilar. The p adalFowge Bakwr
soechara c ttris8t! c a L ba e-vr4rd -cutarre-J vanealFrot ocwr

impl-vlers are unuially su~ch that a alight i-cuvcre
ereaz, aay occur at sazll1 flow volmiinns, rfl.,. 7-8. Ccntrlttwgd bin-rca-a Impei11r
foUlort' by 2a relatively con jtea preizcurit -ae art~atn.
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wvhere minimum ia,,v onistij ani Yzei'e duc-~ atosphoron SAd whmi multiple air 'Aream&
la ay be deial.hog ection 0A ar-e dtoaircL &uch an nrzr-t-,ent al.o per-

( clocl.twirm op co~intercloci!Ase ahaft roiatlon mite oomn of air iitt dltrotpner
(viewed from nwotor end) anvd binot orientation levaln and m-gnpgaio~of air. cia-cuita ualxle

to fluvhivag or exhauat applicatlono and can

downotream locitonL. is~ capable of i.:ovingR Airflght conc-ciop-o and convenient movnt-

arvolvmeoa ranging frm odoat valtiup Ayrangomnontz abueT~reb ~ise
to approximoately 25 cubic feet per mninute ' e nuflliroun iaot aad outiet Pd-ptorf) Avail-
at atic presireo up to appro"timately 3.6 Zb10 (an. rIg. 7-11). A plaina Inlet anny be

* incho.-o watercln (eo Yige 7-0 an1 uead to provido a freo air nnbance to the
Table 7-2 -1,3r.Th usa i acn-yp r

the eniebo r-tr combinia"Idn to be
Dupltm or &4sblea-envded isquirrol-cagobley.. Ieez .nicz-y nuoeP>nadcd froma thle flange 01

e rs, ao 6_own in Fig. 7-10. are arvailable the co)ne. Ti allowa ptilling air Into the
alld their tire can greatly aiplity duct-&o-i biwrfo otltrrutiarlrugh

- ad allow better oporition of eqipment, eve a be-la in a parftl ion or f roro an air cliambe r.
In tight chambecrs, than Is obtainable with WMhti a duci has to be connec-ted to the int
giipli blovrer. For costraliz4ed cooling ay- port for eithar Euctioni Goratlon or combined
tei In Instrunient or radio traniendttt o.uctten gaid pr ire., n rim-typoa Inlet Is
plicationi, difflerent tyea of blon ire maiy bq us-dl. 'eplain autlet pozi allows a frecombinod on a ningle motor. Te &QdtI%.mA G utlet 2'.r blat. ThI Mlneoi'trp ot
cooling capacity of gitch combinaflenon W~ en- A mevtlod for a~poi~ the entiro avotor-
pecLally uaeomi r~ion ogerat.InC in rarlflcd blov.r aaaribly In an airtght mniner by
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mom ~flnn3Ooi M a nir chinNoby or powa~ al?2ppes uoc-d Wo Axrbom ap~pii'42ations
WIAS ~~Evena t 50-60 cycleo, hihpesrot-oa

_____________ 7a re and pxrcoTsure figurez few ilio t ~m
quiring a conldkerably hIghe)r pie -e.to- rango from M4 to M f at IS to 9.2 inwheio

olnerafio ta aia31e sqi al agute PreggsurG.
SCag-type centrifugal blowera, the Lin.1e.-

4~Y~ ~ - stage rdini-vhael ceptyIft al blownr Iz ree-
-- ommende& . l tyV-62 cT bb7-wer assncobly, .VMnto Bn ~nVAV= efshown i i.71 i ie , h mobjective of hli-,1 effick~ney =,f~ Zninnip MWil n centrifupa1 bIGoCeKE Qach havcG -ie. Ito cmell pihyolcal size makces it pzr- -dVitg~addadatgs amk a

ticularly sultable for bzing driven~ at the uelecijon of a blo ",r type to be emoployed,higi shaft se op tia~i wsh40acce LO advaatieji nd divsdvanage afs

1.0

6 85 1 j _ 2) _ 1040 60a 0
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T.able 7 -2-Ty~1cnl Air DeltwagtL- for Cei-frffural Blosver -Hlor Ccblftticz

(Se Fig. 7-V~ Y ox A wscatd CurC3a _

-M oc 70 1.4 ICommuintor 380 3.6
23 dc - w0 1.1 Commutator sow, 3.8
8 Cc - 85 1.5 Commutoir 3701) 39 -

-- 70 1.5 Commnulator 380D 3.9
20 k 125 COMMUttor 6200) 4.4
20 O -~ 170 0 Commutitor 82010 4.4-

115 de 120 2.5 commutator 5400 4.2
115 d2 - 80 L.5 Commutator 5500 4..
115 LZ - 135 2-3 commutator 5204
115 -1 90 g 2-5 Commutator 5"0D 4.09-
115 ox ... 9 2-7 Commutator 50039 5.6
115 dc -~15-0 10 7Commutator 7500 9.5

r115 400l 1 13.5 00 43 Cap-rmr 7003 1.1 3
its 100 1 21 0.J3 Cap- run 7000 1.1 4
115 I380-980 1 in 0.45 Cap-rutt 6000 1.11
115 380-PI0 1I 0.0 tas Cap-run 5000 1.1
115 400 1 100 2 Cap-run M400 4.3
115 400 1 0 1-0 Cap-rn 5400 4.9

15 400 1 170 2 Cap-rim F40a3 0.t
00 1 1 '0 '.?'a Caprlm ;149 .

115 IN00 10 1-0 C.p-run WD0 4.9115q a3 10 0pri15IG00i~ 2.3 C, -ru. M30 .
115 4G0 1 110 2. Coi.%upaor I 340 .4
115 5-0-150 1 it2 2.1 Coinmuiitor 50 4.A

I 1 15 50-60 1 115 2. a Commutator .500. .
. 115 50-60 1 135 2. 5 Commutat.50 4.0 *

115 50-60 1 75 4.0 Conlltor 800 5
115 50-60 1 1 Y. 3.0 CommuitAlor 8(M0 4.3 -

115 50-301 1 110 3.' ''omm1-utator 1000 4.
115 50-16D 1 150 10 'vilon I ut Qr 7 500 9 2

1153 50-60 1 7 0.15 ta'dlx-pOn 3400 I' 16
115 30 50-3 1 0.1 Cap-run 3450 J 171

115 50450 14 0.1-2 Cap)- run 3340 1.5 1
1150 W0.3 1 100 0.5 dC-ob, -ru 00 15

k 1230- rn ____ ___0i'~ - -,0 1 5 05 Ea;id-pole 3400 5.? 12

15 5-0 1 10 0. M Cap- rum34v .1 1

15123. 5 -0 1 103 1.0 C5 a-200 5. 16

11512to t0 IlOn o1n. 0 S~i~d d a ch d5 -o f 0 v e)ct For- vy 5.U I 1t
115 C-) -a Irt i. r u- ' .1y Go 3x tti1e. 9o'~r

I 1. {i.~hpeh2 citlcloncy. 'ih er~ vf~~ic c-~ a!C2o 1oa w ul attainabl 1 to30

t~ ~ ~~~~~( mj :lI~flr-IQw ut-its of modoratec air CapncitY pret1ap~~oeat~
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2. EI&h aleaderneertj ratio. By moans of (i -

rwultistaging and the O of a high rr;ative
speed, an aal-flow unit of small diameter
anti apprectabl length can bo daigec thai
would permLit t incorporation ins rm axdl
pooithas cas a Cool01ing system of anma overal' PLW

disnetztOUTLET

3. Stragt -hrough air flow. Unidirectln,al blosi and
airflow characteristics fo suha nt lowfr impn

4 catlonD nd without adding the ressance of + MIG
acollector, elbows, anid other devices, necca- Frfe- n

.1an-a -lo bowrby means of varying (2

th anglen(qtertrade.ao ias and
by clutching 0oea OULET

heln,we required, Is poilnse COLLAR >
are melboda that may be used In.dividually or Alw y
In combinabon to adjust the blc- -ior to vnrfzbie poioin \
requirements that exist when operation over &
a wite range of alttitdea is attempte-d, H-ow-
ever, it must he realized that their.;ippicat, on clompingiLT

that ,--caM bo difficult to introduce in -mall ) For contnect-

0 - boot or duct

1. Litled operating rag.When operating (3

Weda an ly bo'e toz~ avr-isnilr

ofauscn a radicaait chanecu- in press zure FLc ANEo

capaiy th uleloni lla~o iit oxrm IOtte For d oltFing~in

tlo~iu At a large; percentajie of full disc-harge CN
F~ile or bon ai

choinbir of7 duel filer

t ~.Fig. 7-1i. azroasak ni u utid
~ . ' ports for centra

- c-f operatlon. In reaczhed, evidenced bya surging
- J or pulsating floy hrgh the blwoer syotr

~~- ItHighly vksrlahie efftclency. Althov.gh thl
4. 2 Pa aial-flow blower has ja hWgh Irak effieacy,

It is n-ot Capable of m1aintaining it %rith rel-
stly small11 changes liuav Ipt -al cunditomr.

~~~~~c- ~ ~ ~ ~ 11 c-0 luiac~~tt~lbce.Teeficiency of wnliteuilts is par-
(gx~rtn ~g. Ce.)ticuL,.iy affected L- vas-lalioni t~oixrt

Mf.C. 2Ln

2);

%1- . .
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muM be r coided as Q4 4 -tix p-~riiq

t ~ ~ ~ ~ ~ Fg 7-12.l rase-use b or LFo etiuglboa

development of control methods seems far

3.. Length sa td comprosite structure. Since more feasible. For exe-pie, a centriugaluni
the pressure-, euigailt fasnl lends itself wiell to control b variable rota-

st Iage Is smAll, the, .e-ed for pressoure ratios txanai speed, variable effective lmpelleir wld@,2
of to ad grate woud ncesitate an bleeding, and throttling, all of which ca bo

stages. For smalll units, tis may easily leazd considered as possible methods of conrol,
II-to excess-lye length and wieight- Also, for 3su c individually or combined. Control of presure

smaiiill unitD requirlig several stages, tWe production by speed and throttling Is effective.
4construction Of t;at'esI ard rotor assemblies Control of volomoe flow by varying thev Impeller
would tnvolvs considerable comoplicAton an-a width, either by movable shrouds orsohleldlng&
higher cout than for quivalent centrifugAl 5Apacs to be .ssbe
units-.

5. Compaichi-ass. Centrifugal blowiers, canL

be designed to ha-e short aial length, whickc
A-4vantpurs-o Cenlrfugai lo rs Centri- in om ppllcaition2 m-ay ho dsira.'k for-

1. 11I1gb pressure ratio. 'he pressure pro- Disadvad ntagezs, CMnritugal Blowers. Ceoj-
duction per sitage Is igh comipaired to the. trLfugal blowetrs haver thle folloingr~ dasad-
axial-flow blower, and It r~vuld appes'- thati val nages:
no more thn a2lge-t unit uvuiud ever
be required in thea aittud ranee fromn sea 1. Mo(;SratO efficiency. Tohe maximum n .
level to 70,000 ftet. Thisl nvoli the necessa; ry ficiency of centrifugal blowers is below that

ok~mpicatona nvolved In mnulti staging ma1- of the axial -flow bloyrrs andi, Incnsqec,
chine ~thle v;ower require~menits are greateir, ig-

oral A pta oPe ra tIig efCiency of 55 pcrcconI
M iht eght Pmaso heirhz e- cannot be xceednd for smaller unit sucli a;

pe e- Caa .tcs, an be toeudr osdrtc

relatively lighit in weight for a given require".Lredaee.Teoealdaee
pitdsr~prouc~o.A the cenitrifugalI blowe tr Is greater than.j that

of anl equvinivaln t tstged axial -flow bic ---

3. Ductlng complexity. The ducting oystrr
thanu !hore (,- the axi.Al-flow blower. Iie require d for centrifugal blowers Is smwa

P o -riug as aruptly Cviii, y r~rato l hia- vantage. bez!oIl lqFWW,1ft j

W-dif'te~utrigaimal-plw Not-a' u''Da""I elow -legnoa,%-

ii rS r Il l~VI r a j. t~t p A l. U Jr c r
'Ian~~~~~ -len ofgea ipt
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Mutstg in

fans." Usaltef.i rI e nf

ofhoe iplernt o teine o; thnex loreI f
the ans are w4 stred fns hav Idetal -

fanples." Uly Wher tahe rea V rAL L3d h

smesshsaft wtha the messary paiienoa oflateS

VXall fas ocr dr the am~e otoet DN LOA04UP>~A
of oe Imeller fa Is pafcual ve~ adpe Spoc

to a stagin o i ped fans mave iraentcd
%~t~ L geaith ais e tter ~oale hf iller di

allig 7-an. occun londeon thn sair condiio
to staging ao hig mremr wok rbanged

Multistaged axial-flowv lns, although not suited

wheel famj, ate still findiag considerableI favor.Constant or Limited Altiudo. No serious
design problems arise in the use of blowers

-~~b'~kThenet ffet o staingfan in hatthe for equipment operating over a limited range
total pressure to the sum of the Alvidup-1 ofatitude. Because the rate at which heat let
pressures of each fan rotor :7.7le the tota eeae i h W~lmn scntni~
capacity Is essentially that of oiTe fan. gardins3 of the altitude at which itlisoperated.

4' ~Bloer ioenionthe piroblemn at Constant altitude is one od
BlwrLcfo calculating the volume of air at ambient teow-

.4 peraturo required to perform the cooling
* -When a propeller fan io mounted "up- proces&

strgam" as an air-intake 4"-tce, the cooling
- air is drawni first over the physical contours oeei h liud ag sget a

of the motor. in th., lceatin (w 7-3 from sea level to 70,000 feet or higher, ftg
all of the advantages of reduce ambient tem- dsinadctrlocoigsyen, -

per!tur areproide to he oto, inreaing eluding that of forced air movement, vecomes
~ ~ 0bear n 3 life and Improving operating char- more coex rIf te cpoling systhe air

acteristics during motor life, However, most morewn core. tio caact of t hle Coliiryto
of te pwer npu to he an mtorin aded Inadequate, overheating is certain to occur

* ~i~v'In the form of heat tc the airstream which nt the higher altitudes if the eiidipment isflushes the area to be cooled. This heat rise opnerated at full rating In power and time. os
- '~~K A, ~~- 4 reduces the allowable temperature rise with- teohrhni hr sIaeut oto

in the chamber being cooled, lowering th of the aur mioving aystem, at sea livel more
efficiency Of the overall coolIng Sytn ir flow than needed is providod with resultant

excekhJ power consuniption (and heat diasipa-
~ I Mounted "downstream" in an exhauat Ca-

pacity, the fan doeis not contribute any hezi on rt.bleraddceseefiec.
rise to the temperature of the cooling air.

7 ' fowever, in thi.j location the fan motor i Ineto e aprent tA frwthe o sufet connis11~~~~~ ~~~flushed by an airstream whichi i, higher in oet epeae o ihsfiin oto
~' 'temperature by the amlount of the heat rise of the air supply sys9tem so that under more

imparted to the air in paising thri)ugh the Aavorable conditions the rate of f lowd can be2
area being exitausted. This point& must be decreased& The control system must also ba
considered in connection wti the Alowabie able to Compensate for varying,, atmospheric

'4motor-winding temperature rise. The motor 2i temperature.
N and biowzr may hie mounted on the iside of

k~ ~.the cabinet and the air pulled Is to keep the In designing n cooling system to operate at
I - cabinet under a slight over-pressure By using appreciablo altitude, the quantities a.0d valuce

-y - - a filtered intake port in conjunction rith thiA used in making Calculations for syfsttm wMitch
~.type of blower mounting location, the Accumil- -I to function at sea level atmosphere must be

- lon of dust can be greatly aitnimixed. miodified- Thits is necessary to allow foi the

KYI..2'A



change in air denoity (weight per volume) whichi lin bhen stu-died crflte ftraxgiy, mid th3
decreases rapidly with increasing altitude (cez literature i3 already Tather exteAsgts. M-3
Fig, 7-14i). Accordingly, in applications where design of beat exchnger aysteme, OvD t
the weight of air is a mneenaura al effective- of dmcting, shielda, hei-1t sinks f'o4 ea

high alt'itudea must N) provided,

Consftat Air Flov Vs. Coiclant orf
D~ue to the decreace in density, the volume Teieaue nca~cuadiiileigln

of air reqoired fror constant weight delivery We air-fio'w system, the Co laer hesl three
A_ at 80,000 feet (assuming constant air tem- basic methoda or baozs: (I) conamaA a

perature) io 15i times that required at ses temperaturs, (2) constant weight alovy of air,,
level. It is eixpected that An aircraft cycling and (3) const air dinchargo tenwarture
In altitude will encounter a random series -V

-Nvarying air densities. Under such conditions, The Ohio State report indicatenthritentat
utilizing an air reservoir of such inconstancy, ai i~ta nrae liuei ot only un-
it is clear that a constant-speed fanl will not neceoinry to naint~a constant cooling ca-
achieve uniform efficiency in moving volumeos pacity but that ft ts ulndeuirable, (1) It has onoeof irby weight For this reason, either utainchrteii nt'tItpods
series motors are used in high-altitude op.- for- the utmost salety in Lqaporatura sin."
plications because of their inverse relation- the madnun surf ace temperature rWouklccug
ship be tween runaing speed and shaft load, atsa!vl M rnuedo faate 4

motor-operating conditioaB to increase the air o 194 percen greater aN '7t '00 feet than forjflow in inverse relation with air density to con, systern, Aa
(~1 maintain constant niove-ment of air by weight th lo-wer power required wvould ba 450 tier-

cent jreater- lliwrsi for cowftant-srze'co
Frequeucxe Conoid-,rItiono.Viibefe tamperaturs ox con ~P_-izharge tzmparin-

quency b oersare avai e which will op., hire would not differ very greagtly fn At-
erate at minimnum lose of power (.-.or Uh0
complete range of frequencies encountered is Blowe'r Control.
aircraft power supplies (froem 320 to 1000 cps). --

* ~ ~ ~ ~ Atog tho wide variation would norm.lyq utoprt neAltholg varying conditioiis of altixi or ambie.nt at,caiufe large swingr, in speed and elm output, teprtrsome mneans od controlling the
this type of blower will provide a subsitantia-lly flow of cooling air ia necessary. Foreoimpie~l,

uniormoutut t ar a atosperi prssue.may Lbe desirable to reotrict the eolum-s of
At high altitude, the L-psed will increase, ;ir fluvhed through an en lozuro to th2t whicL
pri--ding additional volume ot cooling air.wilrsnanterqidtmprur 's

li-mitations. O-ccasionally comdIttaons hzve beeni
fat ExhneSystems Within recent found to whichitrmtntorti fafayears) the whole prohiemn o reducing th op- oblwrha- been -deNut ~ olna

er.t- tempera-ture of electronic equipmeat enlsr;froimlwhn teo mi
temperatura or the disripated loal vary
greatly. The hotteqt location within Vie at.-

- 7L~7closure ahould be r;elect&J for the In 1-listiou
09 ~of a', thermostatic control element which will

O608 . - - clort" the blower Input power circuit raen thec
zQ0 W- ambiont lempo rature- reaclc-s ani arbitrarily

impvosvd upper limit

05 ~ ~Alirflowt Interlock.. IAherc tN 9tyefeyalv-UjU 0.4 - - - niis J epneuJ Upon conctnulty of air-flow,
tol 0 3 -h q iet engieer may .Iuotiiiably call

for the incorporation of ati aJr- into rl.&Ckir
LAy JJ control elementt guard aiguai complete

1 zabs-enre of air or agatn:;t a reductiocn in the10 20 3040 50 9U 70 volumne of air below ,, safe minimaumne-1
< ALITUD, THUSANS OFFEETduction in the volumwe.0 cooling air 1'1;;

trIUETOSA0 FFE result from pollution ol dnii filters or rdfheat
t'Ig. 1.14. Amc.spt) zrlc all Itunje- Iviity !xchanger radiators, clogging of finne-atied
1,1, lacong hlp. tramittiva tub,, w~delds, partial lose 0,1

20~



~ 1; itOA? ii i thiee-ph~n- eytem brie bets. mad tin aid riot ellily be muet uith an
CIAanpS or flne in air ducts, Mao - on- ard%- Lh unit aVo win1nitely vat-

nl~ e~s~zb cny e Jasi~e o aIMiitedea0 n
'CA r1eeetla may LE wentl bctvwer. stNah b'ti' Inrge iationsa in Atftelency nal in-4 pr~e&sr& orai vel, tyt provide actuation etb t eaeof pthrtioaw could has Itf

o0 the device. Where duct wvorh in u seei i a 21 voi2 Control by throttlilng Av 025 y
cooling Byet, eithler a static presaurO e - fenoib!e. 4w.- a very wvarrow re-age becam;:D
ai velocity -opcrted de(ic ma ausd 'he ideton ;is Yusually encotntered whep th

-~~ velocity'prt~ unil la preferred lii this dischaltge woinineO is3 reduced 10 to li se
- " -. sltuAion since the Utatic preseore elimnt cenit Lwdnn tim design point Control by blcd4Will not give protecetion in case of e-gin Wa in h irx~atprncal becaus-, of tio inherently

*,othaicrcitUs uyntream o( lis . device. e'n 'l CW.csaa and became the efflclec
ilker-azwws rnipidly aa the (Alghng -olame

'ib seleact a velocity.-prt- Ovitch of A IsAereane a W few eent above theO d.etg
proper rating for its appliext'Ion, the velocity pot
o!fl th1 air at the intencetd location a? tbh

g"switch mnst " e oen~blihed. "t ia pcatblo St&yvd c posotbifltieti of evntrolftg fthq3 to dIetermine This c _nity by actual1 measeur- Vp Orat" of Ldat-iw unite by tneanoe o1
merit, by Calculation wthere other "aninter Qayn tie rgi f t iitr a1d rotor varias
are knwn, or by estlimation wh,-.re experienwe iiv-iem&tesA it he rraeteffect on extending
makes thig posible,. thhoto ag n e oltine byadmin

thev rotor wanree. 711eon of alVariable Vamn
Tb measure the Mir vel,,ocity, a Pito. trte, aeilin 3gldcfto the efficiencey bart not to the

'A ahot-wire anemnometer, or other Rsiller3- enscndea ew os a-Qed ariation,. A Can
* devices c-w be held to, the alretrecar at tlioe b tr~ n doeieio h rotor ae

exact point where the vane of the s~witc-h will over- an ;sdniexr sange o.1 1,1 to 30 degr-eea
07iatl be -izt(' 'Ind the air velocity nd tiso e prtn ped -odiio-} rad from Ot deviceQ, o pxeaio u-her stable corndittons ft-nA o

lewdl to Z'QI feet altitude., while mec ilo
* I " ~~~~~If the din delivery of t.1e fan or blowe'r ig th'irf.,me dnuneipi xot

'd hansen~ or- can be estimatd w~th rppreclible oi ?he ctigyte.A rocieofox entreney

Vi ~~~po~nt of swvitch' Insertion can b-, calculated. nt "m atllpacticl Intrso
I~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~ accuracy thes ai eoiyi uta h amtaw sg wdrta whi-kc does

* The cubic -fcet -per -mirrute (dot,) figure; of bi-" In apoeme ihteghni-wcl
air hihpasses through the duct i6 At voltume inc~nl. ncnrit a ino h

If figure and s~hould no twb confured with 'ho ebtor va zmelee iq ha'chankrc onidr
feet per minute which Is a velocity figurma l em'p'ter -traivl hw:?cvnnl
The reLationship i'n vpocdd eiy not ea'titafy the coentrol I-

IL4  ~ -nns'mte~vm 'irn used in conltir_ ~
withcc trai e aed variation

Velocity (feeot Per roinute)
Area-I Cetlg WiBowe4r Coat rot. For tmos ni7-

Whenever a veoclty--operated air swlith Is its- em:i-c e praernerat production aInd -flo-w
Isc to b>e operated in an aira-Ireani coneleting volus ngneate oo eqieet

ofnonstandard air (de-pa.rture from ca level fo rsi oln roLem r fs
atmo.here) the enamltivity of the switch ,VAiU ficiently 3 rder of mag ?nitud thatexr e
have to) be3 adjusted to coIt~npe for tier efliein seicnydosotrentob
air-denaity gradient pI ot I aneUch a it isncesar t

control t ZUibrer to meet the cooling requi

Axial Blower Control. For applic-ation& Of metals--rthtrok-s rtemxi
be oeratd ony at mum Jo cntrol i preferred over a bLots--r

C) largevC()()IngaopsiyC , flvite dryatn wt
constant altitude arid for long lliss durtio, wt-oce but highi operatin, fiiny
use of aaxial-flow blower mnay bijusti-llable, rti ern etiua lwr hu
* ieControl problem -n-orld not exist, the unit roiealtdfruewheeto-ce..p-
would operate A the design point only, arid iss vrnn agso lii

* the inherent high efficienlcy of the unit would
result in .:s-tght end spce savin. However, N~mrn Loiib mend rxt co r r,
If hig~hly variable flight conditioans are to be the flow cl rooflig air as-o discusosed in] flay

* cosideed, prcsvlzrtonr for control moat be' Oho to rpr.Teyhct vabtlcet
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* .3 ~ ~~~meters, vnriil-vrn 1Ah5 (angle), bleerdilrni Noel far vo m~o fr cteoo

Thrcdling, Wn olkars U1ce changer de i,, ny lnfinite-vsitlo
tipe-ed. Stelp-. ra L'1 alone mtkes6 tzo

J GEWMRAL CC2NCL1ItL"I -!Uahulteanco vs zeuan t equipmnent toneme

'ortin wer2 eaicuolos kre eaced ith bleeding ol air causes eicesefvo power
ap result el tW -udy at Oho State. 'Ie wralromonto. Sep-wiaa speed variation with

an. &Yltflng Is feasible over limited ranges off
1. Cntrfuga laover ar bee suted or lido hut rzequires erolve motor oWerQ;
1. Cntrfuga b~weroan 61 Site fo 1ho extreme altitudes& Limilted WIdth naal-K unteiIn t1-4' cooling aci electronic units over ama_ vith tspz speed control and thro -

wide renges off altitmie because they are moore M113 zontined Is faverable f ROM the nn~m
1. Kadaptable to a wide vrge a!? contr&l. 611 y Wer cohsuantion ag well an the r19Lativ

N ~ ~ i2L From the atandpint of minimum power r it fth ndmt

requlrements, amp.1 blower dimensions and 17,Tho r~yAge of sereod vairiation from 70,WD,
moderate operatin cpeed, heat dissipnting teet altite to seg level Inl in the fnoro
system* should L-e co doolgnecl s3 to obtain ii IN# R; from §0,00 feet to sea lev.L a weall
low-pressure drope ta hould preferably not rnstgo cl abhout 'I to I Nbouks be feaxibl@.
exceed 1.0 inch od wvatar at &o2 level. Coolfrj4

b he us flrearvolume witlh limited DMWC ?IOTO-hJ
tempeatur vn speeal oco~gwt

meerair (A an-are tiperaturo Elcti no&r areud predomfrnntyt o m e r. ri o p e e a l o c l r M in a ir -c o o lin g 3 ta ch ti i q um s f o w e la c t re n i c e fq u ip -

a. i-lwer fr ms wthaircoolr aybams mall i sixe aw fo rir, bnyasa t;)cy

zkro::legs&wi;Ma 70A~ tThlv povier require-.~ it ZB 1DOTM3W1 O

ator tome as-Oa l
times asg -r-oat ia6 a 0,000 fed. ocould be p-oiler csloold hi based o2n the nAtureai b

A_;4caxsti hodtvihi05- ower FsOurcebt be, affllzecl, tV needed horse-
rond'] ud ml~s'-ej ini ea~ltrnxrssue pw ellvery, eimft tpecd eind direction eof
P -~~'P-retntlon, arnd wight andA physical dimeon .g

utilied. dditonalcanalderatlons concer. movnni

meat, ad rcesal~tiy i peforming ilh
4. F-or beet blowe proportkrv, Bh Sres L~ typical raainteoereeT10 s-ch~dAle. Motor 11if8 and

hih design zepoedoN iprimwariy esrbefor "nr oi reAcae rl reprimej v;Oji to ho
aystems of hl.tb pmrvair drop or iser nvatgtrtzd, Ya weil as4 avaiability axdIn-

Vof mo-dorain Jpm'&Cqi edrop with emnAita ofC'barsb-lr-V -'j Tli' rzgudn-M
paclly.t Iiwr oP' for unit.a withMro pa$C~t2I~ atr-~ n aew

orae pressure dropA ad ofapc iblSer h welgbcci 'ni Orex, oeeittw i Lt.,- drive -=tDr
4 dlziylpation capacity i-a the order ac4 S to 6 kv reeta to-. 'teWei saa i tflutneti ca

-'-.4. ~~~~. t ~wuld bW best d Iagawa for ope ratlon bewen cprtia tatt.
18,00 nd 5,00 re.or maximumltiue

4 of 70,00 ee uie aiO'o iwolars it, avmlib.in am).
. thev dev'dgn oninre uhma tizra to _-.mt.y

5 Fr eralic! itanroens ad bet l~~ suh a aocfor will ha3v- n~o dLfflcultv I inci
portioned inpelers, blowerso of large coolitn 5tfiOuevtic -lh will d th Jnba he
ca;pacity Ar" undealrable. By u."ing InreLd as mind. Oprag-injcirc litean
operat- apecd wi th lacxvanirrgdoak2n altiude, Prfuane1ior ar radlaalbl
the impeller dianieters of blower uniteO ith firoviln mnez'uananh*ire
cooling capacities f i t orde r of .1 tw could
he holId between 4 *ot 5 iches. Inrese I- Jnorv
co-oling capacity rwqir-e-is larger dlan'.tersi
not because of groate!r pre-eure requitc-:nnto Por rmost applc.'nn, dc ae of the)
but because o tnccsity o1 rednelog the q-n-ondozm x-dla~dtps am,

$4' opcrattng specqd to maitain brig-alic propor- tred In the- szmller gi~ees (psotii

raahl lrgo. 1A iad, nraet largar molart; a.re



cotiA)nd r-ound, 'A Paitivon otr amature, avold us~h33 thiots suc Gins4v-
I eed where Its varying speed eharacteriCie paemtri slsv nloangadi

4 ~~~limited oriPut at the higher apaado. 3?te4-- rplacament of bnaee, ceuLxtg offcozmuts-

I ardiodthat coug:-hmtrues genea zu4 eiibe ftre ar squsirrel-rg roto Wlrng*&
unwinding. Aor Iorno zpp each states pole i

dolrlate hact rei ly the* reb in vlaia oierurn oto hc it h ur
I~oorsar avilbleinfinedcans M~b "saded" y P inleIsto heavyo coprft ~~~loi~ winin-tertuet hc right be "vpw- intean idngiInudint ii

stem ntlain, h oo eprtr coil.r A , revo rlv agei f iEld sls, lA
arIed 1hld own b tho e ntake aof loweclitotato aplyhneldctezintr
4 Ispannd onto te chmberto b ccon.end taring torly ismm dnevelp. Sto n'oV~ ~ ~ ~ ~ ~ ~~~~~~~Ishdd bynpr~r IA inrae ytewr zim tru oeeing s tal, ee hey apre

Morst~ ard thilal contionoda eire r-wM-Aooialdag. yaecdI
spocii moor feturig a ow widlmztewrtn. Curret aout 1/25e~ with &3r LersII po--stre rie chraciytere ennperatnre wtrigo ihaa~ gtr

1)-Cmotos ae avilabe I 0~. 12- in ass not I imprtnt ithsedi o tho s rdr rfiel for startitomerau. rh "n1 r9.sato Is "

anthrn torque 1 Iecnt aneold e cevI
tae oingle-Phe hbers leoe tba tht oheirl p&roI h

all opertne Is squcrreag ye auWn O:zotA ovrua bruh e ri a ates a I elzee ifflyAmt it
Sinc a s iagephc C dnct on M oo r ik lae

between bs varlun type of lrle-ings o und fo r bltil ighp fraulslAnc fancmotrs ie it n typ o w rtn-indng r te a~s frettxc'-orecaceo t
phrashing dieic e empolisoctopae r c qul-tscrcesi h

arenot arportnt- oftesv lwo-tsb t

aingc-piane oto is imilr Inco~utrutkin motr.A-He, a rdu ' vima tic ield ii,
apr cipl ej- of oe tio xi t he ores --an produwjc-cl n toMe Cn 0&eco. h ih

d-c sctor It mplos a tall any lufieind r fortnc wlinin, becoa ofa' izptk I n lsM.

serie 6hgl-~~g m -otor s' icessa 107e in ~ oprted O OX cenriUg Fe-cimo

I r~ange fprom 150 torelcp 200 pe ct cl fuoll-d tor nrmaspeed Thee-,nt 1oo2 r uial

no dL pay aitn 3ruv ui i

Thoi ,x typ of moto br y ha the name d illna'or factr, in-orpedreglton hs snoo.n5aldiffer fore

....................................... &v'ce T 0-
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b, Ea M.im21 IIh

oynebroneeso speest The fact that neither .

M.Te si-cyppwtOr motor ie ooravizhat -Arborne s.or ground military power sourcem
mnilar to the capocitor-s3tart Motor eXCept recessarity have frequency istabiliz ation should

4~auxflary w'linfg Is rated (or continuous op.- zous wxotors of the reluctance type are em-

F I at full speed at a one lfice itartingchar-

acteristics. As a repeat, theise motors develop lit, the emall-power field, polymhase sqirrel-

and blowers io of ten prided by controllers Their tfficiencies are oliglitly higher thaa
that vr h nrse rUomtx Me fnnl-hs ooo oyhsI (e Fig. 71I). motors are geonerally availble in size of4 1/5 hip and larget: at 110, 2.30, 440, and 550

3.The two-ninev capacitor motor usze:_ svlts. ThMis typo of motor requires the sallest
I ~different ausn fetiecpctnei frame sizse for a given hopower. Motors

series with the auidtlsry winqding during run- mayi be selected for operation fro-' 60-, 60-,
fa ing -and stlrting. It: usualy has5 A cesi1m- and 00-cycle power sources. They wequiro
Fously-rated capncitor th" remains in tLe lItle or no mnAintenance Polyphase synchro-

circuit during slarling and running, and as nounl motors. of the reluctance typo are e-
Int-ermttontl-rat%2d capacitor, thnat is in thep ployed when exact synchronous speed Is re-

I>circuit during starting only. 'Thereore, the quirocd, provided the powejr source is fre-
1 otr ena ig 1sartin trqie an sela quency Ltzbl'izred, They are similar to the4

a'~~_ -odrnnn hriertica s~ingle-phasea m1otors of thi, tyPe except that
noe starting-windbag or phase-splitting deviceI ynchnoso11 ot P.yncNrous; motors, IsflCMS

Atreluctance motors '1Ms statorn are similar Utivorasi Motors
- to these of g e-hs induction motorso and

ma ,y b-s of the shagdpoe, 11t-ph;;so, o-? Unirena-typo motorso operate from sintgle-
~ 11capacitor tygea Thie rotor has a isquirrel-cage pb-ane a-c or from, d-c power sources.. All zne

Iwinding noad the_ core Is sh*baped to provid of the cories-wound type, -v-ith a field windliii
4 L ~~~projeciene (saliet paise) coritapondir to the on the atrcncedi reswhaco-

' inumber. o1 poles for which the giator Is wound. mutated idng on the rotor. 'ho straight1 "The Motor stare aug an indutction motor, hot se. ries-fwound rotor ha o salient-pole field
after reachJing a moo-ad nea.r synchronismn, R winding on the Mtater. The compe.nttatedI I ~ ~~pulls into step bczeaof t- salient poles, saiseudmotor has aditributed wir.ding
anid ope-rates exactly atl synchronous cd arranged In stole around the, poriphery of the
Unlikw the baepoe ynchronous motor oltaier. The, latter has the advanit2aes of hotter
wh ich hav q field -winding on thte rotor tmnpolled upeed regulation and commutation and higher

witha d-c excitation and4 which op-crater with atarting toru; the fome Is simpler incon-.
unlity or le.ading powr factor with high cof- atruction anid more easily ventilited. (inner-

- - ~~~ficiency, the reluctace motor oprateu at ially, the straihts wric-oun oo ue
I ~~~lagging power faco n a arte o in size up to aipproximately 1/3 hp and the

efleeny.rerefoire, it ie only used where compensteztd seriea-u-ov-',d motor is emnployed
4exact sycroos ped is esiraible. in the larger s~zxon. TypLuil fuwi-load, apeMm

za fromi 5000 to 10,000 rpmn witih no-len4d
I Anthe typ ofsyncronrsnotorwaiable % v~daranging from 12,000 to 18,000 rpm

*In the sma~ll sixes Is the hysteresis motor.
* Ito cunsirmctlcn is Similar to ta of the TePe31VfratureRatingts

reluctance me ter -%rcpt itt tho rotur is
I-perfectly cyliTndr~cA and doss vtot h:Aear, a he Alowiable ri&se of S5n2511-po)Vrer moirtors

squirrel-cage winding. lie, oper-atio-n depends (measured by thormometerj is 40 C for gen-
*upon the permanet4 miagnetil-om Induced In erai-puarpone, open-type, meterB, and 55 C for

.7 1N0
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F~g.7- . Vvrin c~, -U~u S &w-rutav '4- moirs or lockl" L-W

uptialpapo-c tpes (riprol anrd suc of w.at mnore Uhan 1000 nWterk (3300 fec)

A cf grud6 aincroanm c~a ambicrot teiipo3r~iC of 40 C. At
la ampratrc illh w no IVcicIcd hlt)ihtr altitudoij, lc,3s ffmtwvv dinsiaioi of

vlwnMf!motr crriv; Is "ed oz,- coa- Luet caum :; hlgl&. r aato~r tetuporatum., riac.timL~wly orfor -poifedma3inthe cam 7h I a ri!.!a uune appritciAbla valuo 2boutof t-ic-aa ofr 3300 foct, nix from that point inc rae at ar~te which can b - 2rproxih-ftcd &a o! 1 por-"tnaauuaily rndu xot f atbbmit It sen hr a1 for cnch siddi-

om ~bobA is f nrma vetibiva anal~~tu2 5 -W30ftb~rla' fAliw-.F



pma-d s a eqaff% W a~armas 1; madu 2~LOwfabe teaeratur for'

an ane~iatoe, Aa apeasClaus B insulation is 1254 C.

Clano C- Inorgaalc mxateria3 tucb as purv
Li (h33,0l0) mica, porcelain, quartz, and vimilar i ,Aeri-

ale, The =maxun allowable tan~przarie for
Class C insulatin is lii C.

f: temperature rise af atit C~Ds EL (1) MWca, aabe-s glass fiber,

h al intd feed forinit binding wubostancez comnposed ol
otitwe comnpounds, or materials wi'h equlv-<1 m, a motor hlavvr~g a ternperature rise of silent properties, arxi (2) silicone eoxnpounds

40 C at 50Z lovvi wiAll h~ave, at 61900 feet. a in r-ubbery or resious forms or materiale
-: tZPTlUr rise at with eqa~lvalont properties. A minute proper-

tima of Class A Materials may be kwed only
40 Aore e~igntia for strictural purpooea dur-

inkatfcurpovdn tha eloctrical Arn4-
Azeftnacal propert-les ol the inealatad ~id

The allownblo e meraturo riae 10 6*b-gg a re not Impaired by the applcation of thej ~~ ir- primil zx*. thq yeo nun& leprature pormittod for Clgugs H materia-L

t'til1zed in the motor CORstrction. Classq A The poak allowable tmptrature fop' Clas aH
Uonaie han An u ,z;,r temperature lirait 4f Inl1I3A2tion is 180 C.

I103 C Opo ration in eaceuu of this U -a
tnre may cauiwe crtonolivo darn-ago to ihe Cls0 OttofL sik eadsimila r
notor. In Clfis B instilai~n, the up~por tern- orgaric materialt when neither tmpr-gimted
p3rature limit is fin-d it 12, C. Class A .i- Ao ~-m noad h aiu loai

suIa!!en 15~ 6t=mdard for most typpo of mkia temperatura for Classi 0 Inoulatin Is 90 C_

lrtotor Upeed Characterlaticsn

~lolo nialonaMot!ors are clanasi ed according to their

Ila i terals forn C lar AImeu.-gtrslsta s pe ecesswt n

drai or m ilrye i apLiui n eell'r, (23

broran" cAg ciant baact ot
Colass MA o.mrlanic mterials wuh CO Me Espe nc-stj ~lal chng InseIw

!los fillero in built. up for, aobndx he l'.M

Clne* o3f anflr strctrale a"'po(e) oanye V aryi &n pe. anotorisn whcte pd

t~ ~ ~ ck=I vot5lie maer)ial ma to cons35dorrcdcab fvre v ra ai bre-oadrag cer
allo-wrhieso the insrulate forMo dinare tlo 2teraon d tah B, apre bdceaswil

tur;Zprtle or lass Fo atr (T1z- ~ tsyed utspe oo 2

curmnti ~ ~ ~ ~ ~ ~ ~ ~ ro7 anyg- Ahng thatgc Cul dioodif tefCtdpe na pifi z v el'ttaffc

indal-~ata in matc t-ial for Con -&Aoi-i swvie) bintlOrI~-gsbtne tCA.jAmtt 10 4 Jsal uyLgA .jeal
u:-- o q.atle nwltCO M rilr t- 0OeI hc h pz

B, fer i~tmctural pupo~er QWY, thO cw. N v .S'.ovr farl -. -. -rio Oncf) tr m$..........2.............n ~jntditIst;ubec t yri
~~~~n '.--.. ... ... ... .



motor TOrqro Electrical Noise

The full-load torque o! i motor Is eotab- Commutatar-type motors, eithier &-c ax
liahed kV7 Ito horspower and speed Yating az d-c, are k, coaSst &urce of spaeklfg While

in operi on. Such aL arking creates 2lectrical
interference of an intensity dependiag apoa

Pull-oad orseowerthe magnitude of voltage and current involve&.
torquerp 5207 ho electrical noise- tinin produced mayb

A] periodic or aperiodic in nature, anid may vary
111c varioune torques associated with nxotor ovr a very broad fqenyband. Thic vadl-

are dfinedation may jeopardize the efficient operation of&erformance aedfndas follows.
flroni tequrce.ii so example, dImpUcs-

L Starting torque of a motor Is the electronic teimen ato varying, distance
developed at zero opeed. In a-c motors it Is operated coding equipment and computere
tw minimum torque for all angular positIons may be triggered by~ false commands in a
of the rotor, with raed voltage and frequency random pattern by ench radiation. %hen Wei
,pplied to the mooproblem arisets, the ouliinlvshil-

ing or supprewslon, or b-
2. Pull-up torque Is the minimum externa

tor( i L . Aoped by the motor during Uh-e pe- hcore
rind of acceleration from rest to the opeed at
wivich breaudown torque occurs- For motoris Electric motors aro ava6Labl In Varfoiuv
thtat do pot have a definite bieakdowin, the kindri of enciseurea for useo in variouo opera-
pmii-up torqaia Is the minimum oJrque de- ting and environmental conditions& An open-
reloped up to a rated epeaJ. type motor is one In whc o rosletance In

presrnted to the flow of ventil.ating sir by the
~. ate braoo to-u o n 2-e motor -i:otor other thanm thA niecessitated= by me-

Ia he orue hemotr illcary with rtd ch.Aic construction. A totally enclosed
siaend frtqec rihunnabutdo otor lou dofined as one which ptormIts no

in pee. r inicaes he eakloa th moor free exch2njigo of air betwezen thie iniside 4q4

ficiently sealed to protect the Motor from
0. ul-i 'h moor dirt, moisture, eh'emncal fumes, or other

torueofa Rn~onu~harmfuLL atmospheric ingredients. A totally

the motor will pWIt# cofnectjed Inerich enlsd o-oje oorlzqipe o
ineti lnd exterior cooling by n fmn or fans Intogral

Ln-to aynchre-nirm, A ratud volltgo "n fige- with the mutor, but catorn-A to the encloasig

qaer.zy whn it fild xcittio inpar-t& A protected motor Is one in which all
vents In the motor cam,5 are protected by a

5. Pull-out torque of A synchronouo motor roctal screen or porforated shield to pr-event
to the maximum Puntained torque the nxitor accident1al contact with4 ilve ur rotAting parta
will devel c'pt synchronous opveed for ono within the case.
mliute, with ratod voltage, ratetd fr-equncy,

and orma ex itaton.A dripproof motor In one In which the ven-

tMated opcolngs ;are oo construte thatdrn
aaft-Spee Limitations o f liquid or solid particles failing on the

miotor at any angle Ynot greaiter than 18 Je-
When inductlon motors are usted, the maxi- greco from the VertiCc annot enter th1

- ~ mum obtainable fdhaft speed In 345'0 rpm for motor either directly or by kit-!%'ng, aad run-
60 cps, and ,875 i-pm for 50 cps- .For 400 fing aio)ng a hori2:ontail or Inw-,rdly incilned
cps, there Is -,t-nerally a choice l:-t-ween ap- surface. A pir'po~motor 1-. one in -ich

pmuimacly370 rpmn, 5400 rpmi, 7200 rpm, the ventItating openingst -re so constructed

10,50M rpm aad 21,000 rpm. If a conmmnuttor- that drops o-f hlquu or eolid particles falline
type m-otor is uecd, either a-c or d-c, the on the machine or comning IowlrdC it In A
-miarnm rhaft spced Is roughly 10,0-00 rpm straight line at any o2:nvt ,reator tha

for "mini11ature", motors anld roughly 50)00 100 degreei frilm the vertical cannot enter
rmfor ejuif notors of below 1/ZO lip. th mactilne either dti-vet or by strikln

&oniuairtye motors a re generally and running along a oturfacr. (u) explosion-
av~dodbectmi' sf appreciable malntennc!, proof motor Is one .1 in enclosing casedo-

r-x'i r,- IIen- signed and constructced to withotaixi onv explo-

I7
-7'



nion of 2 specific-d gao or dust that nmy oc- Tim typeo are commercially available, the
cur within it and to prevent the igaition of dry filter and the visicous filter (aee
the opecified gas or duat gurrmunding the rig. 7-17fl. Dry filters 2re generally of a*~
motor by opark8, fiashL-, or ezp~!os.ons that trw-axvzF variety and are composed of

rkay occur WIidti the motor case activnted carbon, cloth, spm glans, har, cc' V
i _cellulose materi2L. Cext~n clases of Mf1

1Muntilrg tet-6 can be clealod and som re-use is prac-
tical; other filters must be discardeA when

Blower-motor comblatenvs are nv-aliblio pollution accumu12teg to a point which makes
dchich mount directly against the bottom, side, aubsequeal usage Impr-actical. --

or top of the enclornure to be cooled, To mini-
mlz~ tras~nssto ofany esidal ibraionViscous filters mnake use of the propertleL

port, numerouso vibration isolatior mounts patc It omtefle e~mI
N ~~~~may be procured which are specifically dvi- gradied eits o that the casrmtra

from otor r prpelle to he adf oi ngaptrn atictlte coardust Cmimei
signd toaccomodte abroa rane ~ Is located mn the inlet side of the filter. 'This

blower motor size@ and weights. Moutn i'iual ad lt meta fibers. In this3 spidero with nonstaindard bracketsq facilitate
and simplify mounting blower-motor assmm atelrerds atceswl og i
lblies of many' shapes and configuratns.

in ouningtha blwor cosidraton filter packing filter packing
aloould bea given teo efficiency In rnpllcatton,
long life, free-dom from vibration, azd ready

iiiyfor -maitenance, stucd as lubri.-
cation of the mot-or or replarement of the duzn I 91
filter. Wherke sleceve bcarbugs arc used hei-
zantal positioning Is generally !irefeimble.

S 1.Ail-bearln43s p"rmft Mounting in almost any AcIivoIC(1

Diul Purpose Ins1tallatioats

Wh Cre snare limitations amd Power 5suP.Py
b2conue a problem, dual-purpoge installations
%reo sometimesm used to driveq blovver. In
oome lnstaoslC , wheru dynametors are used ____

to poaer equipment, the dyimaotor shalt
carrica a blower rotor or faiL (ln each Ln-
lallation has; an axial fAn on oae cnd of the
shiaft for dynaaiotor cooliig and an Rxial
blower on the other end for ;equliment C-ool1-
ing. A zi-o compct ad morv offilent In-
Stali1A~on reSults, Oil 3oturitild

til ter JillFiLT~~f~l~ nedium 4' n I
Aitnwui o e-qlpmont P 1

peratr iCzn contrixute gre-Atly to tMe reila- Air o
fbillty of the NLAcpment, it can1 Qlso defeat Ito _____ f~

pu ro if tho source of air con Ca' . contarni-
n1ating 4gents of an abraev ,, crositveorj
electric..-lly C'.:ductivo nature. Whon tic. ;Jr
source I, onau ntd filterjB are Y-c-a

ssi- UPr"),-nt dxe 011 .;Illck of Sucrh 2genti
irito the equipnirnt. Flttr ~ willi fans ard

blowri may bo Mf the intc-graltp hc
form) .1 part of the blowe.r uwilt, or amy "- f FS 7-17. tPieur Attors: (A) 'Dry tyiv upizg
the t)ype that can be m novc-d . ro-placf-i ativaW~ ca-sxn, (13) Viscous~ type usim oU-

qncha0 ii.aiuafifie ~dai



this point and may be mre easily xewceved. cantage of the tota prescure drop on t
In Eome viscous filter th itr akn ystein. An increse oftebck pressure
material may be removed andi re Laced withi over the filter due to pollutionj, therefore, mt

Fitr4r of xqmtymutda h blower For exiame, ay~n cetugl iee

exi pots n w11,A flte isuse zt2n xit cooling a compaxrnted razdar receiver may
por wen us mut e eclcle f o al generate from 2- to &-inch stutic pressuire.

nsr tat PrssurizminaWe ine r s an this case, a 0.3- to 0.5-inch static pe-

means of keeping out cit alpretg. oee,1 i pro-M
peller fan which flushes a caiathe filter

The eletlo ofa &-st iltr t Ln~lveced Iragenerally the rmajor restriction to te air-

bya(1)Cthelnature& oftedc,()tQds - fovern alocaVu 6eoniya ret s ;#;!billin
centatin, ad () th deme o manlemmce capacity of the fan iV applied to ovexcome the

filtfilter

Air esisancepeller fans move large volurnon of air but au-e
eiqxsctedi to vork against low bhaM'neur~

The Afce fafle otap dust de- only. In such applications, fillers of high ares
creases wvith increaal'w velocity othMr adlow denst -re required to minimize the
through the filter. Similarly, the ai reist- pressure drop de to a thefiter.f
an-cc, or back pres, e which a filter intro-
ducesi in the air stream lnack-oe npproxi- Be ca us L i pressu-ro drop inre ases al>-
miately as the snquaire of the air veto-city. It proximately as the oquaie of the velocity ol
will decrease gpproximately ao the i. uarie of tMe air thruo tha filter, with irain
the filter area.. The- air resistance presentedA velocit a pref;-enre loas Ico soon, m-cahe~d
by the fil' r will inc rese "LAiot directly asq wkhich constitutes a practical1 limit- Bcrmi *-

its thicknoss. thisl Point so much extra pressuire hav tojb
gentrated by the fan or blovwer for over-

Filter, Area cominig the resdia of thei dust1 fIlter tv=

Tol be most succressful, tii fter area b tetravn Iotajn s ) 'ite -pn e arned41oudbea large an odition ,rllc the dust filter au well Rs the &dded ax-
HThis% increaseps the dust-catching ability, do- pe&nse Of cab1inet Ec ace). "Carmeity", figireaIfcraes the required frequenicy of filtei re- given by filter mnulaclu-ars are geDnerally

placement, and decreags thve prestire drnp b. sed o a practical upper Limit veoiyo
over toir filter. In the c-oef a propeoller fan, 300ftm llsht figur is chsn'h1 d

tdeercared back oreseiure, will result In a imary reg.4 rnI to Just-caitchinZ 2bility. Con-
quieter fan Ifnd poebly adieu; theV choice of a aid -utiono of allowable ba6k pressure mayq

4propelleor with a lower pitch, rrhich also z-- dlictatk a required lo~'cr velocity, notab,.y iW
dunce; noisc3 . The blow,,er hintae should hac the case_ ol propel-ler fansD uz3ed to fl ush,
fairly evenly disrtribute~d over th-e filter ares, cubiclesi.
either by the -urse of an appropriate Inlet cons 4
or by allowving sufficden -pace in a filter box oul%
tbehind the filter for the air Mo even out over

the hltor area3. 'Thne use of Inlet coneso is rec- With incrcaanng pollution, the is c o
cnmnindcd whenever th:? lIoier-.tnlet velocity A dust fILte2r incrvaaeL, that is, the ba2ck

ishigh._ In tIs ae hi sg clce pr-easure over the filter increa-en. Theo pe-
"entranice losses'' at the blowevrinlale. Thv-'. r itd of t ..) (cubic-feet-hours) after wtilch a

losss ae coparble ' ivpcdsc uos d'sl filter in '('41 cleaned or re placed de-
mac~gIn electroniAc Circuitry. pdsentirely on ite oodttinn of th Ar and

mqvary between grea Rltts-,t limit-*
Pressure Drop -)ro decrniin-rd by the qruantity ol air moved

Imr uit limo tawth quality u-f the dtA per
Ii a hNg--prensure systlei, the pe a-v %unit volumef (if air. %ni.e type s of dirt have a*

drop over the filter Is a relativelly itat pr- greater resitrainiw sction w;hen caught iWth

t ji



filter. Therefore, it is ftnpo :A;ble to give an cut-out a-7ltches that control starting whnd
indication av to the nun),j of hours of wno Jg.In some installations there are. olarlg
gfter which z filter should be cleaned- Neither F-elays. Each of these Is a siource t4 mabn-
can this be judgcd saely from th3 exerica' tanance problem& Brushes and commnutono
ppecarance ef a filter. are ousceptible to Insidious troublea MA!~

ena"s gradual loso of power output, eneaive
Piarmanent-typv filters can b-o cleaned by iparizing, commutator gouging, and short cir-

%vashing and relubrcatcU. The replacement- cuite Brushes mual be periodically Inspected

vacuum cleaning. With this type, hoviever, able operation of the blower Installations.

highest efficiency Is maintied by replace- Similarly, automatic cut-out switcheso on ir-
nienL iductivP motora require periodic firD~coo

MPJNTENANLflfiunction of this switch catuses emcessolp.
BLOWER MA1TNNEpoiier consumption or failure of "a blower

31 motor to PtarL. Both of these baitzwaa

qMaintenance problems sfld always be rlesrelina .byelconf

highkwul important ar blower-moto lambtitoo of th-rln
ronsidred ming minnc may beo po- pi-aclo mor.Srtneayae
mobto combination hpeationg toe eectroi oseti Seto cnatwa n tcng

equirment to fiany availabed bloper Pih boer sctic ar.n ccssilit nfor& irisper-
tow-mainteauce requireets. asy in- t9o lowepl and rwroigaian 'inte
tighyaiortant deiine ibo an onJllto thQ blwralconrl fayaeusd je
seecioingo alow-mmaintenance mbleer-mtr tme ewe lwe laig aeiri
cro tobin obhion anddet ing Ith eount o- detewrined ythtvrhulpronh

j ~~~~~~ie p oeatsily n ch dquaterttcI breahng oo.i eeesrvcI a ea
-~~ . ~ecs Of2r Qtcuainretfo a mi-tertocea h blower mor oftc w s3J

cab Itchmsy bloer ecions andm ftiters.osieft n ti
reqirmo,1 t fi bor-ino comizbblntowe wsbith b~lwer ation, anc eoblt for -lan

cownieet antenance fmnz tEse Itmi- teboe sr&dmitli: ~
tenance le dosigriodicr clenoif or y lacre sO "~a

Bearing gno indtr thn fiiteltlo b7co ao

Aseletio p of ed -m.aled- c bl ern r-w 'rt PC~~A~
lowre no tornennc during itsepr normal2 llwi~g re r,%l

cob*M Meter wihti&yo ofbing Itcs e moninto thrie by of 1ip opeciicuart alecUr
provie grsib t meed zeqr,2to brerating mtor., LNaval Feve itp and boe Gneu?.
pcodtin Ofe prdlyr avilales Irmzmi- F ocen the lower mi.cfct~ ~(ie oer-se rulr--

Pedarincs, bov~irercur lurcdtno and ailtrc utfles'lib eurd ,a~alb

a''o motowh a SlICCV cobination to cenq at fer vLinelocef80fr C iuewt
-~~~~~1 cterd bilthrn ech-dle p~cied o the n- itemseya pescr r-o~cn~i h

ohoul eimportanuldovidin accessibi&t toth -ater iso Lofac fitr IRato r at12 PC-i
luriatonpont. ~rli clanin for (faepac it lud fo

A~etn 1111cr bhall beonaing o,2 M4LIAR per-cent hai

coditacitem. ar hav,.02e in he, phle fronn;shl oacpaai otmbrz

ACrtt inductnc~mtr h.4v ofumtl concrnicaae~ , Sft oPrt
in a eg lrl o ,ac C,0 t 1 ,0' hur or ox A rCL~lnq f hi5npcfi aioig c

Icye _t-- inscov ~ ' M e 'F ce i -olg 1 sl
bearin.. ... .............. rctlnAnae zAfitro;il ~or~vle. nr



r-l cor rttirXesi2 oeerfin osbet rvn e

te o r protectre ro nurys duces&toy i S. So eyt lig poesibl o pra.xtj rev
pargrah 337Mecanalh3. Proeg rpedio e oo

Ing parts---." 2.rarp 3.7, c'reado ogin weight, s4.:ce, sal~ power.
f requency andi low frequency inter-arence
(woise) limitations. In siiar fashion, the 4 einboesIt qimn ssp~
general requirements foi each type of in blowers, rather than asj exhaunt blowers, ct
stallation are co-3red In other military gen- that the blower Is n t ~he cold4 Ode od the E-_-,
eral specificatirh-'j.7 exch~anger.I '~ motor-blower combination that meets
the general specification must further meet 5 Whe operation is anticipatedi betwoft
more detailed specificationo. For Instance, sea level and 50,000 feet use either 2 m"lti-

jin shipboard fintallation employing van 8 peed blower or use several blowers or bo&

axia; fan of fractional horsepower wAd an a-c
motoi, MIL-M-f_1705) (Ships) Motors, Alter- 6-. Do not expect electric motors to opworate
nating Currorni, Fractional lHP (Shipboard on a Wl range ol frequencies su~ch 2a 3C4J to
Uie), and -MLL-F-l8953(Slp) Fans, Vatne-. 1000 cps unless they are apecifically derigncd
axial and Tubeazxial, Fixed and Portable, co- for thin r-ange. The maximum upread on mval-
tilation, Naval Sh1ipboard "_ uld be two appli- inal 400-cycle mnotor5 io 380 to -20 cycles

cable enecificalons. These refer to other ap- Lo2w frequency power will tend to d.-mage a

undr' 3. 10 cye Vnaxta Fixed"-spec- tend to reduce thW nec"aica output
Ificeterqi F FiTiTd tl-e type

of otor, beaqrings, aod controls to be eta-
ployudt rFr z 1/4-hp fan, r, continuous duty, REFERENCKS

- service A, 1/4-1p, b. 'I bealrIng motor meet-
Ing the raquirem-ents of theP procurement Ooc- 1. "Den and Control of Illoweri for Un-

dum-ents is apecified. MIL-M-17059(Sips-) form Cooling of Electronic EquQ~ment frm
specifies the ai euieet o bis Se-a Loyvel to 70,000 foat Altitude," Report
by Buch a Wntor. N~o. 33a, Cortricl No. W33-038-ac-4937,

Obio StaIte University Research Ptruada-
DO'S AND D)ON'?'S FKOR BLOWER tioa, 7 April 190.
APPLICATIONIS 1." Thermal Evaloa tion of Air-Coole:d Elec-

tronic Equliment," Ar Vchnca Report
1. Do ilot usoe commnutator-typo fan inotors 6579 WADC. Contract No. W33-038-ac-
ivoatilo, combustible, or eqploislve atmoz- l-8,-o tt ~vest ~earc

In volr. 14o7, ilo Ste r i95esiy et

" A GIldfe ManuAl cif Coolving PMetho-da for WADC, Ohio Slaite Univeralty liesearc-.'.. -etrnlc Cooling," Report No. 1IF-710- ouatoMrh 1951.
D16, Contract No. Ntibe~r 49228 LBuSips. Sulletin No. 10, Noltlonal Aso to plan

* Index No. N-11 I 611, Cortiell Aeronaucal --mA3uctuj-ers..
Laborsory, - lBulletin F11- 955, National Electrical Va*mq_

I F~~~n Kn~~~-eeriiig," Bttffalo Y~orgc Co., 19148.fcues zcx-n
Forccd-/a r Crou'irsflow Cooling of Electro)nic
Unttai,- Reno~rt No. 45 WAUC., Conitract No, 'Tor's Hianxdbook on Fans," McGraw-Hilll

W3 -0 j aC -I 9.3', Oi Siv Rte'karcb &x0k o., ic-, New York, Octobeor 1951.
Fuondation, February IT.' PrcceeIings of the Coaference on Coo~liag cf

-Mtt'Vds for the 1lltirnate Di 1tat toll of Airtvornc F1ectroalc Equipment hold 21.
Er Oi~nt~~With Airborce I lcctroi Ohzo State Univeraity, Blti 14-8, Jiiy

Eiuprnl," AF Tcchaicai iRepor-t No. 649Z,'1
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_____ __ C pter 8'

R-F TRANSMISSION LINES'
AND WAVEGUIDES

Thie purpoee of this chapter is to ac, vJn croon section dimenstena of the p~pe. By aa
the design enginoor with the proporties of aztension of ti1e tarm, way opmaPy also
trasmission lines Wn wavegaides ao that h4* conniat of a dielectriz rnd or a vimr co&te
may opecify And apply thoem with the greatot with n dioloctric.
probability of success. Although their prim
function Is to conduct r-f energy from one GENER-i"I CHARACTZIC

* place to another, they are also voky useful as
circuit elements and as watching devices for When olectrii I crmg- ix tnt 1cod to u
ensuring that power wnay be transmitte4da line at ow,~ and, aa f.tow 2 Searaor, ciArT
tu-eatOO rent flovis ?'rough twe confteudors nd a volt-

upo appara acroas egch portion ad tLJ3 1Mm
Electric and mnagnztic fields zppaar in tha di-

GF~ERLTYE ~electric, which ay beai, hich Fzparas
the conductors. llioae fieldu s he~ir i1wu

Broaly pe~kngther c~o tw baic tpes of force at right anglen to each other and at4 ofthee poer-ranfer leneet: trnents- right angles to the direction P-4 onergy prop&-

L lio im~ andwild e. -gation down the Ilne. lbuo, thes term "Itrosw-
5omeof he haraterstis ta paameers verae olectromagnetic wavo" (TEMI) da-

jcribs tho phQUOMcOO hrte Mirvs
- - - ~ponsessed by both transmission lines n iso a cu but the TIMW toI

wvoguldes are treated firt, then the det-iW miasion the prica u d n nyosT
descriptions andaplctnso caalledio th prnia o an o3 Iwtr line
lines are given, followed by the same typo of - Righer" modes can ho oupporWa ~

m oterza- L., 0.."" -f! gie~t-):;uctor line; that is, by a waave-
of environment on both lines and guides will guie, but a wavegltde will' not teamnmitpower

* be foundby a principal or TEbU LwUe

11LIi55O)~lins Ir OftWObIOd ~Tranumission tne. are employed for fie-
basic types, (1) the inultiwire lino, a charac- quencieg up to the genera region cd soveral
teristic forra "which Is the simple "twin- thouari megacycles but the crese section
lead" usOd to connect a television an~teIniI to Mtnsionie become Imipractically smiall above
the xeceiver, and (2) the coaxial type In which tu o thohrbndwvgidd-

acentral conductor is seaae 'is~~nnin icesea h wavelength in-
outer conductor by spacers (beads) or by a cessadbcm urcial ag o

sold deletri xuteral.traalaoon of frequencies lowar than 10
or 2CM1 Mc- Between 1000 and 10,000 Me

Waveguldes are sig--cosiductor duviceo both lines and guideQ area omployed. In a
g ~~~~and resemble a mot-, pipe or tube throuOt broad way, tranamlisca uswyb he

wth energy cp~ o trAnsmitted provided the of as low-pag"§ fiiterIN 'Niaveavl4en sohg
frequency is high enough compaxed to the Pass filicea.



In general, lines are sa2.er, ligiter, wA U2En ( Orn
will conduct a wider band of Ir ez s tbna
will waveguides. Wavcguid~8 h-av greater Xf a Dine wave 01 volx,30 E of grequfmc I
power. handling ability, greater racehanical in applied to one end al? a very long lln, e
simplicity, and less attonuatlq&a Tnl-iU 8-4 mnrea~l Z will app~ear iin t line at dsaa
summarizes pertinent clata relJlzf t iarte ~ oitegnrtor na: , mltn -wLI
types of eneray conductogrn. r-ir Iw acr~oss the line at the di.aam-

There valueo of E,, and % are related to s
STNDrMLitial voltapo E, by7 z:z

ardizationintifilADUreiofCO 
Icoordination btentht. militn~ry au om

mercial agencies. Although Mhe esarisi ll-
tation of waveguldes was canter~ed Vk. Rs mil- where a L1I
tary applications in Won-l W ar Rmw,
comparable commercial) types 0.1 arabis T. t~we &rsq~n roar t-e-a of the -al
are now available in n.arigational w"ar, mil- p'w line 111 rmwxte' ra: 'Z, V a~i cr! stl
crowave relay links, television rxnnierq, tic m: argt np MTZinilqc;Oel 0gthn " ,ad~,'
and so forth: Wherever' militar.. zzad fndxja- R''I EA vm
trial standalrds exist, they are fully ..azyAt- 0"retoof b~y flu) na nerl iuul VO
ble for rigid lines, flowAble eov:,ial Me-2biz' nora,'
xectangular waveguldeo, amd hrr2AA
fittings. Thig a omte d1- MM ~ an Ve men~ alMa it7 tb, 'Ome WPLLcis
ardization Wn the area of mcraM f.0l~ E,~ MW an , V'i' &;-, Zn "rcd at po"itX
nntenna.9, and 'eat eq-Wpnmcnts, rv~:AAeh e, 14a Vaon Vl Own 1in I) frtd!iAlaei long, ~~
credit la due to the1 A uy.-Navy IRatka Vro- v±~t atrnt4 he far z adh

upency Cable CoordIm-fting Cotee 'nhMich rpl- ~'~n e eninn to 2,'. Furlhin lx. Pc'?i
was active dui-ing the poriod fwwm 1941 n iei to tr1ninat(.-, all of ailew~k~v
1950. Some of Its functiona wore caie~uni ant dow-jn the 111e will bi daai n MWi

d pliaed to the rMed eovca torminatn reito vlayngn~ loia i.n
Standards A gency (ASESA), -!'Mo Agcncy thv3 lbjr., Itself). None of fl-, one rgy -AU ba a-
maintains an Index of theen-n1 utm ar-d dinr ktdhc otesox~. ot~h~ h

tributes ~ ~ ~ ~ ~ ~ on ,tndrs odiaoa ~da- snIg end of thi: line, one will Z 4.
ingo for th, ,arto contained hein- (1 wil not be LI-ne if the ftr--nd .'v:ad t- rio

other value i-hzA Z0. 7wiondn~-edi
It-f TRANSMISSION UNii p"&lc wTill hiave Psoli valhO othe ti i

Severalcuacornt, bicprmtrgoen impedahnco al the Uav 21 Mhe
Seveal bnic araetot3 goerutk- zplo- d Liu a value other tba" 7".

cation of tranarnioson lines and nnlhicon-.
iidered in deisigning equipment All viiid thcV The propaguion oatmit 7 In n conwkia
will be employed. These parnzneterti aria. quantity determined by tha RI, I., U, awl5h
from the fundamnental properties of h linea conductce Gl per unit levgth of liue. Stirm 5

.3 summarized below. (2,3,4,5) As a compleu quantity, it an bae ipre-::ed au

e- rfzen i! Tmr_-t:!an __~tfr 5 k

_71

Ariy-Navy Type R. wave-qide COUinj~~~ al

DielectrIc AIr din 0129law i

Weight, 1b per ft 1,4) .2 A

Attenuation, db per It 0.011 0.03Th 0.23

r 7tir: I .:, PAW 0.5 MW~ 4 ky rma, mn 60 wnttm

4 adlo Englmnert ihbdboo&. Mt Edlilo, MucGruw..lIU Do, C-. N3ow
Yok 10,5.I2



on. work and A .tim ing ir uits, aan in nos et-
thift 4ill ::ot::: nlet tion tircits andmutien-n

sidered f ro.n the standpoint of magnetron

ijMentA fact that the voltage at anyponI

i~ a . along9,n infinite or pro:perty terminated line, biL eng aI-elct

Xc ompared to the initial voltage E1, is lower -_ ______in value (,attenuated) b~y a factor 0 andr' Consider a point x alongteln hr h
A, arded in phase compared to Ej by an angle phase has been retarded by 2 w radians corn-

Y' pared to the phaoe of the volt pgi (or current)
-. at the generator end. The tota &hase ahift,

(the product of tho ohift per unit leng&' nf line
impedance andithiefV e t f the line) ls6x. 2 wand since

thi dintomce along the line Is one wave-.1'The tnu-g or characteristic Impedance, nine length k0
called thie Iterative iinpedw;ce, ol rcta
Itneu (thcr' with low aetta-a seirance and()I lsunt leaagO) L': solely [a function Of the in- jr anorri

' ductAnce, and capacitance per unit lon! th off A nayieln' hevlct fpoaatv In z0 ~y mt2dlrohc ibew nulthnevct of roag

Phasr Con0stewaeantant ieo

~~ I ' The tamnplon, propagation constant Y is madep r
* - - ~--LIup of [aOficttnn7, the attenuaioU osaizn

th orma coontf, h atrefe a~

- ehft cm'tnt. ~In !reo ;noace, elctr o ntic energy t2'v
Vs n wL)k+ ~iC re J$ (3) cla with the volcf lty of light Inies and w~ave-

gtrideo, the veioci'y of propagation Is less than
this figure but uApproaches) it for open-wirewhere ai'deecrcl no'h general order of

c - A aoai nnprs per unit length of hart

IOpent-re air-dielectric (0.02 to 0,07c
J1 zhase constant In radians pe)r uit IL~qbL Wande coax air-dielectric 0.M79 to 0.90c

When as nd P3 are naullipiled by te number

of the unit icnb'tbc of line being consodered, the *here e velocity of 1CLt.

I terined.Becaune the velocity of propagation is lowerI in practical lines than in f'ree spacp, If a given
-hase retardation is required (for example

In a Idel lne i whih ~the equivalent ot one wavelength), then the

aD(4) actual physical line maust 1,e shorter than if
the velocity were that of freo apace.

>9. j -To determine the correct physical length of

i a practical lhue, a line for a gives purpose, It Is common prac-
tic tcalculate its length in feet fromn the

Ar- Vii(5 relation A, ienglth in meters 30fu Thin
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will give the length if the velocity were equal erninple, wil be Aorter than a half-wavo of
to the upeed of llghK free apace, the 1mnuMce w~ay 0determine&.

I NG, if the physical line imast ba 0,8 me lon~g
Thin flg~rm Mi multiplie by the astnai oe- zz gequlred in free apace to pro&.rsl _-t-t~avaIlocity axpressed as a fractiou o( the speed of reonance at ai giv'en frequency, tho velocity

light lbus one waveleogth (electrical) of af opagation v/C to 0.8 that of Deb& lben
coaxial line having a velocity of propagationl<4equal Wofl.8 cd the speed of light will b

A £~th x oke metier (/4C

Aftinuatica
984.3

XO.8fooNo prv..tlcal Mrz is free of losieo some,
MtattziustL- .i will be experiencedi as a wave cd

current nr ''s zU the line. T'he"e losses
limit the Efi~cJof any system of xVhlCh tOe
lino loea papt* and the loo.so. liwf#~ fle AV0wer

0.8 lnc alng ability of 9he line itself.

Mben It Ili eCmatants are luloviz and ft.
if the dileic constant of the material Attenuation Is #MAUl, the aftenutitlo can be

'A aparating the conductors iv kviown, the ye- cowl~ated fromi th real part of thepropa,"fico
I ~lo-City of propagatn down the BUZ~ my be catn ~Ti

foundi from

WV r - !ocity of lght
ti w ielecric cna~tor ' - - 7-tOrS per meter (9

relatie pormittivity

Table 8-2Z eowparea the relative velocity Thefflrat ol theite tim repreoenI3 tue losses

coznruou dielectric ma~terialo and typical line repreeentm the looeve dueo to the dielectric
c) adte de lay(/)frLueo h more. tertainh eo oretcs, trs eote drd

14ote~ At to (D_ 3 w Cetans aorrctic acrdscumst ler.k
Notrto At tfrm highd gtldncea tre diseneod 1te

Idielectric ctmatn Is aig "!"znt" and It Is MUAL IMM' MPRM

Z"bcon coio rciet e~n placc of dielectric constarvL T~ntiso UAV havt lntoeing gad
PerInttivity will be soemploy--din ti~s clApter. ~ bepoeto.'~ a eepoea

hlgh.Q tuned clrcti, a iwpotnnco n.iatchin4

* By mukbg tuse of ~a low-fre~tiency measure- or 1rnneforming devices, wi dilny linea, wa
m~ent of the rapacitance of a unit length of the for nunweroun purpo,5egaother thau ;Jmple pmwra
lino amd the fact that a lialf-wgve of lln&w, for Irnfor.

{ . I TmtIe 0-2-aemsvo? Line Veiocityz D elay

Dielectric Weihed Relative Eolay t*

______(T/c) (IfV)

IS01111 polyethylene 2,26 0.655 1.2 x1

Solid Tecfom 2.4~ 0.0" 1.472 x 10-3
Hollcal Teflow

Teflcm heads la

A" or Vacak

2"1



~~frC ~ 109106 UAe oakslnean -my a widtlK In all of ehe onpressions above,
n"i- t the far 0 has n i ot be reembered thaq Me propertiesm

I npu~t Imoaedo-~aznt upan the W2 eiL rjhin terms of
z -~~n wavelen&t Vsi 'A at, L' cWIS2 the Q of a good

IS ~ ~ ~ , zk ae singia o~wplo, eraasdder a quarter-

Impft A4 Mil t S~I ~ te center of the design frequency, the
isP'el AUPed"'cO Z It l Zonected to the

7.1 2- tn tO Wsad will ehqual Z,. DWI, al a frequency20
poyef p aCit b1lor or lower tlaga the dasign fro-
qwancy, Z/ 1.4C Tbhds Oas some wasr
of Ut bnwfh

Simi? - limas closed zit hc lar sM~ tin& n-
\ . Cdncf 'i will hayi an input iaWPedaO averal quartr-yave secatto way be cou-

nicted, in sre~the ch matoristic lipedance
ZT/PZ, -0 tad 219/A of cxach line rV ing ,9orly chooenk, wDd by this

~"z* - -- ~ () te-Atque two wne ay eh edover
'k Z 47 tani Wrt a M~h-4i6rog. T'" oa&9 Wies, per 1W,

havo z3&bi h-ncvdtiio of 3 deczaes i
VActual computation ofis ina mpd I re

lf3 laboiousm a~pclally If the load lsn)0dsic
hzU reactance 216 welllie resistance, au'dolr ______ t__ En to' teninated

, 'these c-oslns the tranpmiaslon lline CA!- In n pueio~nee to the charaeterit-
culator oi F. IL. &nltb to a valuable tooli tic imp e' of th lie hep ,9

Wn the line z41I b@ AbsorbA- by ".e tenninat-
S!!arter-Wuve Linen A line Wny odd wWi- ko Wa W( w whatever? azy be lost in the

tiple of quartr-mr.~es longy acts "s an lin- W l~)Isef) it 1-5e tarobanting resimace is
pedance %'werter, thMn is, the input ims~e ogav1~ue c'4ikJY Oma t ck-tacteristic Im-
is the reciproca1 of iAhe terwiuaUi4 or lead P'in~ of the Hr"L, l (q O power' will be

- lipedance. 'Tbne, if tha far end to open ei rc-fcted back toward the pnrator from the
*cuited the input Impedance Ig virtually zero 1op-0 end arA 0w11um~ power v4il nlot be

(short dlrcgtcAd), and if th har un ixabrW4iamitted t9 Qt's load.
1 ~~the input impedance is extret-ely high (o"~ oe ilst~n~~n

lin~~ ay b u~d a tx~ps o cimliat or W)WOa an tho Une because at aomea distauceslienmabeut sa si c or o elabo ted or frum A-he IoM4 63W the reflected current (or4far and, as wuppmrta for othm e v IIIHW lm voltn~gi) will be out-og-phao (or in-phase)
the open end may be shunted 0irectlyars o~5~4)
the line to be fnuprte n o s oi por*

beu i. acrec IrWilctiono wNIl occu,, ey~ Uf the loa2d Am-
ped," c toqual to tie lHio impcdance be-

A qiiarer-rava H~ w ma lobeuda cauee of othor in cdance chpongen which oc-
an lmnpedince-imatcing device for Conrw-n curo hi~ b~ hm bemqr of ve ohar bead In

"two 4lsnimikwraq m ances, very mu-a the Rine for ea~uaple, axi im".0ect mechanical
4 l~~mpedance-mnatching transformer 6- employ&4 Jonr etsofourilcn sfae
It Il ow or wtudium frequencies. near N1 OPOn.-Wle line.

i1iUP' h fin of charactorlatic gaedaace At an poin in the Lime, a messurement of
Z. V Mjw li mag& z' '1o Z_ tho LVSativo mapgituder of the incident (VI)ad

- Haf-V~'wo ~ne.A lie an nti~errelocted voltages (Vr) -All give a measure of
__l UntAiieanmebro "1 impodanco miaxnateh betr;ees the line and

. Wes on _ xct lik al: rnfrirm- fcoad or by any dovice In thQ systeu. This
N- gardlsam A~ te characteristic Impedawci ratio Is comwenoly called M3e V61tage Stading

- the1. Tk Wavi Ratio (VSWR). For an itoft~ct match the
VSWXf t ismwlty, and for ny wiraiatch this

Z rZ (13) v~lh Se grator thast unity. ( kso A'g.-L)



4.K

2 o0tched deDmmoieadImma'

j lor t'ea-wwe linog In whic he 1wl 0c~I
btween condactc'rs Lo large comipared to Whe
coaductor ct~amagr d"

Vaim"V-W X~ aatl for cmzan lie

Iput 1IANE-~ Output

VSWR -- V,~ I~r
Vn-ir Vui4tro th utr-opnc

-7 !-._W re--'(X flfetn outor diuti fftsinr mi

TIwo-wire M~ = 1mj~dnoces In tht'
Not oly I theVSWI lm~otantfromthe l or a tolid hto lowhl 0MVr, =Y bat*
Not cily I* he VM ~ortan from he str ornn Poli N to 1000l materia, betnyt

standpoint of power tr aaloa, bak it 12 a tk.U conductorv; coW9 tineo have impedwices
I useful parameter o4 theo vy4knt as a wbole lIn flh general r~gnofa 0 to 100 ohms and,

an It Wlliv Ojvo oce Of Polbolblo line aWWi, thb,, cc lu~tOri.may bGE r ated bya
failure. A high VMW Iwllcttoa tlnit hi cur- soli dielectric (ual~y polyethylene) or biy

rents and voltpjes wRI pear at paints dczg air and swall ha-Aetbg "pae called beads.Ito &,o current, or diloc read be-W r ybe rlative ftesone of the coiductoro
cau0e of hiph volts~v. of a coaxial lmo may be chosen to obbtMq

minim"n affenuntlii, maximum power en-

either a fi~xed outei Manmeter or fixed waa

Some Attenuztlon of theiput power will -oc- diameter. Fokr each r&tl of comlactor di
cur as It progrese down the line9 no mattex -meters, tho dielctric conotant of the In-
tiow4 r'ood a practical line may be. Bonn power oult~nn ,,i11 deterwine the Impedance as
is lost, not all ulrives at the load, This a aihown In Tlo 8- vmd ig. 1-2. Tho im-
600-ohm open-Wire I'me will have an gittenua- icdarce Iv inveraely propotonl to tOw h&~

j 4tion clabout 0.1 db per 100 feet ait 30 Mec; power of tht permittivity. hfodarwke departurre
RG-59/U will hinve about 2 db per 100 feet at from tieo optimumi impodwuco vaues do ;w*-
the same I reqLnicy. 7hese looses in pauvr 1,troduce rapid changes i thesw eleetc a
will result even if the line Is properly termi- characteristics. In the interest of iwpllciiq

*Ato" nd standgrdizailoa of associated devies

If tMe ine 1* not properly terminated, that
P J is, If rstandlnv% -on" are present on thie line,I j there will be additioal Iooe of power, the ~
~f4mgitude depending upon the extent of Tnis- ,Uh pa- o

match. Thus the VSWkI is a ueeful parazetar/
in determining the efficiency of the line and 4
load a0 a whole. Uf the line attenuation, When 'jsdP 3
inched tothe loA Ilow, inuicating that the
Hune by Itseli i efficient, the nddftlonal losses

A due to ismatch will not be great~ A'a a mat-
for of Wnerebt, Uf Me Wos is I db undar
matehed conditions. the additlina loss, If the

~~~~~<~VW Is 5, will be approxiniately I dh. rig, 0-1 cp'aik llnd~~asdcea



TAble 9-3-Comparlsoe of Opimum Diameter R*au L- lmp5eflc0I
for Coaxial Lines

ixed outer
4 diameter- (Ml dawoter

Conditiow~___ __

Did Z. 'or Z0i5or D/d 1' for Z for

Minimum attenuation E1
(both conductors with the 3.5e 7i.6 O~LD 4.U~ VIA. 01.Z
same reolativities)

Maximum voltage
(muinimum voltage gradient 3,72 80.0 V0.9 3.59 76.0 61.0
at the center condoctor)

(fixed power diuipation per 1.85 30.0 20.5 2.09; 44.1 20.5
uwilt area of center conduvior) __ ___ ___

three impeftnuce levels have been ostalished For ot>,L~n materials, the realstauco of each
as a reasonable compromise among tho many conductor Is diret v proportional to the rel-

possble impedances: aWr cc tiity of the waterial unod to tihat
of coppm'.

450 t 2 ohms Preferred for all microwave
appicationo; test aoqment; lb coyrrM for the effect.9 of proximity,
and transitions to wiaftde spirallihf awd contact registance, a mmd-

tiplying ftr&r JK I wfl be itoduced in the
75 3 ohms For video, and low Y- use first tori wh~en k strnndcd center conductor

(below 30 Mc); data trna is used, Yvir a braided outer conductor ai aln-
rnloin ver long~ rn lar, but larger, factor Y., (varingt bheAvmen

95 5 i ohma Balaneed or dual cab,f, Row 2ad~ ~atb IP~dt h eodtr
caucta se pecial uh & to accowZ for tho cowlen current path

cam theireVartth ion with 1rmquency. It 10notes-

Generally, Mhe uniformity or co'vitancy of nary to awmiblne conslderable ouperionce writ
impedance has z greater effect on circuit cxperamex2 a ttoelna hemgtm

~ - performance than the Aboolute value n'~ the of tljar-,e Wars accurately for purpoeveL of
impEdance level chonen. The larger, m 's design. Aiowfter, thn data arniiogtl on 7isry
robust center conductor of a 50-ohwu lina many enble coast nctions shovi that, kn Ais
results in a more stable mechanical structure cases, their total offect Isto Wincieea the
tand a more uniform line. Llkovisa, the do- overall ntbmaation by lesa than 10 Eieew
eign of connectors with good impadanco matich aov* tUm t!beoretical value except sit tme

ANjis facilitated for 50--ohm lines, frequency extraineia ow elects of braid
* design wMl be discussed ia greater datail

> oxilLneAtnuto with renpest to fin~mlble cables.
The cimtAx-tor attenuatiou In decibelv per

The attenuation is 'the real part of the 10fetcahnbexp s a
propaation constant. Nfat is, ~K _

'Me center cmiductor diamateir represents the
'ii r-f resistance (Rl) of the ha~er andouter dominattlng term in Eq. (17) and tends to off-

conductor of coaxial lines 10 it oIl dOcuw.nntd met an apprent reductioa i lonsee bV in-
S- in the literature for solid cylindrical thapos creasing Z,. It will bii recalled from Mabl.

andfor compoil- -)pperan steel conductors. 8. 3, the opfimurn ratio of l)/d for whni nm
V(8,9) For solid ' ior conductoro, Ililo re- attenuation is 3.59. For right lines which have

sistance In ohms per 100 feet Is virtually as dielectric Ir'eor In nolid
dielectric cables at fre quancli below IM~

- o~i(~.*1) g(10) Mc Eq. (17) la a &ocd Vproxdiaonof tho

toal.e.A

t~ 207
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7te attent , don dae to the dJ-ectrlc is 2r, The mnNdW_!1nM v\ oltae (V')whichbe~ds
pendent on c sbant e aductr 3-e (G) 'md at uoy 11oint on aie Rirae will generally differ
geometry od W)c Mse from ,; e lnput foltnnge when the line is nad

propcily termnlnd R9o exact v-alue wil de-
m~ pr etrs (~ pend on tho degreQ olnmi atch -1electrical

The ev--, the rro of the maximum voltage to the
Teconductance z-' "leakage 'in due to 1Pi voltn , cannoet eoiceed the actual value

vectoria combki--2on~ of a true d-c a- of the YSTR' which iould be used an a con-
duct tvity and a qwudrare hyenteresto iss aervatiye" rsktnff '2ctor. Further, if the inpeM
due to' h~rz molecular polarA,.atlon. voltage to anpltde modulated by a fco n
'hto smto "~ n expressed conveniently In the pere1k voltige -AIl be ln.(!eased by a factor
terras of the dlsiati-va factor (t2- A) and the of (I + in). For nmlosa mcdulation, the peak
permittivity ()rstgo(0)voltage is bndicaeed bzy P), pulse descriptle

~U or can be computed 61Uectly.
Corona

'it to notewordiv tf; 'Lt~e dielectric attenu&tonR
As indopendet ct 1-4e size of the line or it. ,mOtinat~khcrn i ntae
impedAnce. 9o o4 l.froquency dielec- lieiderindbloa

tre ohtan a --ad a are lmost constant4
.e ~tl~c~del~ms lmot n~r by metallic burr oni the conductov, the 1w-

w-Iih frequenc-1. La a nolP4 dielectric cable, troduction of a pai corner at 2 connectGr,
thes 1o:eebecme ~eai~o ondcto looea or any maxRked jurfaco irregularitlis on the

, I the llt beon eta0C ocnutrlse bead IP Fsold dieloctr~c cablej, minute Ir
-' ~~ ad ~voids Are PreCnl Iat i the dielectr' and in

i~eyoad alat PaULthe ncl6,rbo rh,- A of lHi conductors9. -xoentex-
perlece.3 ave ln the interisticos aund

the b~raid to be t'.- pr eminating factor for
Tito .'39e voltap ic-At can be epplied to f corviia Atiatiom * with voldo around 2te centeii

condzl tranasiaA Mie is limited by the caiductor, anid bubbles In the dielectric, in

13paces in the irerandIato T'icinity of a hihy ' ~'Jnthese gaseousi M~de when the peak
localized voltsige Areasz. The intrinoic suipg .oltua excoods a criticci vahvD. Thic crItical
strength of the dielectric waterialo used for value, or corons love], doea not ;mry sa*-
supporta 1rn extremwly high in nwomarieon alfiesnly In a gac from poer freq'Aencies to
with gnve. Values for polyethylene akre 4001 wvar1 hundred MegneCY1646 Theqe electrical
to, 50o0 kv Peri-~ bca a a1n .a pulse an discharges cauoe eaerg looses in addtim

500 kv per inch for repeated pulses. (11) 7- toieo-Mal.ntnau.,ad ileetal
2 . ~accepted breakdoa~ val: .' for ar at stmilerd lead to completo motecular breakdow of tihe

I~~r:- .. ; rcom prore -ire and gesnperature I7$2kpr insulating mnaterll It Is gealync-

inch or 701.2 ,,ts pey mU (30 kv per rm a-ar;, to resort to si diroct moanurenmwnt of 11me
This valuo is ilder"An-t odfrtxequency up to Corona Initulton OrcaQdnctomi levels it power
the Me region Ad 1; une.l17 halved fG. d- frequencien in ev 1Ahab a practical voltce
sign purpose& C 4,.r factors which affect s-4
W~meeous dlecbargvc~ *IUi b,7 dlecussel _a sub-
sequent sectioo. ~l~5

Forpefec ilIcAl condctr in lr e maximum r-i power a coaxial lino may

the maximum '-ltgi resn (0 .) occurs Oafely transmit car We limit elthihrb(1
tdretly t te 'be ~~he nne c'-ducor the voltage introduced due to the peAk power
Is gvenby-or (2) the fliomrial. heating due to the aver Ve

power. Which of thega la the predomiatin4
e , __ 61Z.1 factor will vary according Wu operating con-

diogditlons, and the kuuiga of the tranemissiuji

kv~ /inz v oto/til (20) llne. The pectk power (Pj) rating Is determlne6
(Theahmef2~4~hld'gdtiuami~immumn dir'ctly b7 the volingo rallng, and expressed -

byR.4by

(7be valw of .M- i



The peak powav is affected by an% .f thv ee- cqrcity hne been made a1tbeugh aWre-a1
oigi foatures, mnechanical tipereetions, or coquse Lire generally praferred. (2D

* external factors which tend W~ degmkd tee
corona level. (13,14,15) For CIV, dielectric X i varlationa in vlt~'e -I cur-
loes i3ay limit the power to a vaue below Yonan a reault of a mraomntched 10;0 VAIf
that of E q. (21) because of heating, vcdco 6we at<rage permioible potmr. Whea

attenuwton 1@ Pmall oo the VSWR U- nearly

Aetermined by the attenuation in the li1e,
and the mndinu' "hot spot" temperature Avm b7rlsti h 1n with VWR

that the dielectr or conductor can withstand Aaag ou 'octIthe~ ILWY(Mat_ f
continuomoly. Excessive temperature caii re- 'VtM+(4oult in conductor migration due to coftening ~
of the dielectric, mechanical damage due Ce [V/2

dilfermntial expansion, or shortened lWe d~zs
to cha)mlcil daetoraton. The amount of beat %ds heel flowr, pgrticularly In Ofe center
generated (W' in a matched Bystaam is the conittor, tenda to reduco itste 4au1

0difference betwooen the input power (P 1~) and Og choxt aVelVQengthn. (14) Whon ih: 7A~
* he output power (Ps) in watta per unit lengit lanSth i13 VerY long, the powerY rati-rc fiar the

of line. ,iho ratio of theege tv poweors is a nantched line rhould ho divided diecly lkj' t
f'nmction of the ate nuition. per unit leenth VAf3W1 The nanimnum tenperatune rloeaenrz

'~ ~ (gnerally per feat). These reletionMLosp c=n n th point of the VSW1I minimum
be combined to yield Eq. (22). ,wii h oe raln

M. .10 1910 P,/P) VbIlitj oi Teflon atnd polyethylene Jb-es e-

~1 (41.)(P 1 /Ps) 22) crezaB rfith vs"., ajlttado, andtw lr
gre6 rlhowl in Fig. 8-3. (17, 1)

7be rate of haa die-ipation from the Man 110 uprilr froequency limit G aya
depends on the diameter, materials, sand color P-tiuctu -e io dotermined by t;e frq cacy at
of tho outer covering, ard the ambient ttm- sicl hIjgher order waveguidn made 1will ho

* . i porature and altiude. The amonei of Neat Propgtd Th11in occurO ln th Mn3 it
*- which flown radially fromn the ii~will de- aiter becomoa equal to one waeletQ1tho

pad on the coznpoite thermal resistivities dilectric medin (TS 11 modq). Practllal ex-.
(Rh ) of the dielectric =,d any Jacketig ma- prlonce ditates thzt coanial linep dwold
torils used, end thi: temperature grodient. not be used at frequencies beyond .).~ cd Lho
pricoent therein. Heat is generated internl cutoff frequency ((,,) oxcep in t"acWa npjWi-
at the center conductor, within the dielectric, cations. Deyond. this point, there It, a en-
and Qt the outer conductor in direct proportion treniely sharp riav In Attenuation dtwto aeer!ny
to thoir inividual attenuation. By equalizg convenelon to thia spurious mno-d. F t~
the heat generated, Eq. (22), to tho heatk din- (25) giveg this valuo to within 3 perceaL.
sipated for a given temperature risfe (A71~ be-
twee the center conductor and the atnbla-J752
temperatu-e, Ee, (23) can No established. f, (me)

w-* R , Io bend Cupportei lnee, froqwsy 1r.-

AT at ceertu critical frequencies. For examie
or p.. -- ~---.the rimuzn VI3WR of a single unceinptnated

or_____ P, 6od occur& when tho bod ticimoss Jal
stUJ dog to a quarter wavelongth. Thon thv VIiWI lisV -numerically eqlual to 61 inl valueo. fkhtunes U3vo

* where?,?'. ma.ximum average power rating. 2ino benen devised for the "vcingof~abaxdz
Thus, for any grtICUleyrphysical construction, so no to limit the VSWII which canm occur dwa
the average power rating will depend on tMe to cumulativo reflections from each of tha

* permisnible temperature rise above 44 atated bead fnces. (15) However, all liaea curreOURY
ambient. Direct computation of power handing uscd for mil -.owave frequenclee pro7Wid.I-

42
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V 3W R *j -AMBI3ENT TEMPERATLY.,EffJ 4-ALTITUDE X 1000

V11i. S-S. (C) C0 osite cha~rt for eft

pm<anct mtc~ibig for Ifo WV1,Ot atritchim to loo ue~ t ution rliuun. hi m terl.L
ren-dtr Lhein 'e1_,_trcally trnll" 'Ma intrim~c Impochinjz, Prj) of any =n-dfi Is

rqiu4 ta.

no cail ne UA a. 104 aa thQ ri lto cotrissi ir

traion into tbC. )ia~tcrha of tile rhleid vand b- and steel Is abc..it 50 2ml 11leir -upo ao a c)ubl-.j(2) reflection ol the vi a ciht to imnpedanc-o badfraA eydet~
di~conttnultieP at the Interf~e C, t o fl3- -.icld. Greter ahlelding can he zchlaved Lh

torlla mplyed n te ~hted Ctv~t~e.Tho flexiblo cables by aitern~tely !ntrbeavto~Iay_
former varles directly iml the wall thkna1 vrA of higb-Iixpdance (dlele~ctric) and low-

and as Ui h2.If pI*peranfceo(foeqvicto, con- ePO-dln. SonrIC C9
duciviy, t), reat~e prme .1lt e Uimu- tto Twca cfmotructioml ill Iti dI~cuqe3*

tortal. Itapplien oatgtywrnbada In can" ,ction with psocnble&,
froquencies belon' aproxitely 50 hMc. Abo-, ,

ti frequency, Jeakagv occurs dio tio the .T, Nce~ traaiafer Inmptec I t
finite openingip pr~aont a! it-' braid crusa- nn patclunto esuigi~
ovens. This coupilng love a pveAru ms a ItctiWeee of ahleldn;- it to define'! %a the

a eries inductac wrn)4o va~lue ig vi'rtually in- ratio orf tlb lorgttndinai el,'CtrlC tIltenSity OU
defendeet oi frequency. (18) the aurfice of theo cutor uooductor, to th2

totld cuyrrea' ca,.rried by the inneDr conductor.

TM^- reflec Ioaq 2fiia each cl.ngeofoehleid- (iO It to a fwicton only of freiuoflc aid ih&
ing materiAl Is froquently ae~ter than tha desigu pzrag.term of OwII-A



IIIGED COAXIAL LINM 52--W mention Choud 21wo tq~ re-7!

RJWl linov of low altenuztlon apd excellelt Inw~ Wor r 11 military ncefa Their
power handling capcity hive long been the irxa.& ConductoX JO1ati ~ by a series
mainetay of commercial broadcasting, %:4 Q~mt-~cicute q terv.waveeajtb coa=W~
were u3,ed in the low-frequency radara eai lcJ txouia neryL h
In World Wz-r II. Now they have extensive pentavrhihwede i xim

M ~~In uhf and vhl televi-ton and communicnii C lb. Ove th V narrowp Lbka Ozwhere, for moderate powers, they are i~~ fr -cilorwchtyae fcicl
idore compact than wareguldes. raelnt. oever, they aye CUM-i~ yCoatxu~o ~berooe h3 install, dlificult to manatachugs
_________t -n -e~nocom ltely repiacr Mbyneverboad-

ande cf-n.o

Iyhard-&rawm copper or br-ass for' the outer ~ ~~a
conductor. Extrudedi aluminum aml oon(Zpporndr T-3--Ul~-

cotdstainloe ateel have 2ao-been uvrd 1.) t Faoace f Electrrnc t.tteA-i-

supported by sro-m type of dielectric b,-d or IAftcva AUL-L-3890 etablltee a oomauoe
pin mechanicaldly crimpe'd or prims-fitted be- &Lripen ol DtadArd dimengiagfan~r WO-oAmlL3,

tenthe cinductora. R1,,,4d lines irin dea- ka o-au In Tbl 8-C. Tbeew _v -z :aaa 5b Di thwo~a rerall diameter ot the 4ie on the us-a of !%.n ekctricafly Irnm-
outer conductor andO ara Eupplied in 20-fool pas-At gwpporting otruceture. Earlier bzc-d-
oectionz with coupingA At± each zend wm*portvd lines MAd a nominal i3L-hiit-.-

"be5 -Cx0-- A Ir Dxet 916 Coaxls

0.. D.f _ D

R0-51 Alr'. V0Cu I --3r,; 40.0

_k o Tt O 0.341 oi
nc-lOSu 7/) 50.a.e tln* CV
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Tt tralzlwciwx4f~rMI Ti iu.I xcwv ivq-z*c
TelJmt c I-- -~ ritz rnk-ta -.,4 OO-foo I
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-ieipdance In accordance with M~A Stand- an popagation coarjt~nt sire corrected for

ards TR- 103 nnd TR-104B, "rnmei the weighted averoge permittivlity. (20D AU11lines for PM Broadcasting 88 - 10-3 Me"' znd motm -ave frequczc~oo where the bead oc-
"Televiaon Broadcast Traismitterr 44-216 copies anl appreckl'ible fraction of awrayelepngh,
Mc" respectively. Data on these 5L-5-0br3 the conductor diarneters m-ust te adjusted-at

linea are also Included as Table B3-5 In vie-w the beazd to maintain a constant impedanica.
of the large number of inet-aUatious. in vift Vinous bead constructloni3 are illustrated
they may be found., in 1Fig. 8-4. The upndercut bead to the mogt

p. pular dukw to Re rclmplictty of manufactt "
Linev in other impedance ranges g-n-nOly Tyric2l data are ahown in Table 8-7 on MwIi ~ ~~utilize the same size outer conductore nac th-2 sonbadad5-h dein.(1

50-ohm types- 'Pie 75-ohm line Is *opaiar M,
IIimotnr arohethmiium atterm- Special, llnes have bezn constructed with im-

sition for slvef) ratios of the co-ductor di- pedainceo in the ratigi from 125 to 180 ohrna.
amdeers "0 &!,,own in Tabi 8-3, jar., its Lu pr They am, used for !ow~-fi quency applicaifons
frequevxy limnit isq approiiattely 20 pceent where It is deslred to keep the cavacitimne ;is
highev than A 50-ohmn line with the aame orer- low -as pofsible, or for special matching or-i.all dia2.meter. For oper, a 6 1/8-inc-t tubIaig Vurposes. The Navy haa madee-

-on iewil encompass the full uhf teje- tensire usoe of a130-ohm 3 l1e.-inch Aizeto
* vIinband (478 I-L 890 Mdc). Propose d dt- mszching to ,;hip-oard antenna. Trhe greatly

menslons for 75-ohm In", 3ihve been indicated reduced diameter og the centes conductor
- ~ ~i .. Table 8-t6 a-,. the future rotandard severely lowers bheir operating voltages an~d

causes the capncilanca of thiese linos to be)
Cvnter Coaductor Supouisnilv otmortr variation and rme-

Tnia method uzc-d~ to support the etetr chniaovbr-inI 17.v ill hsive a mnarkeid effect on the 11er.- In roos traneilfi_ q g popiction the C-Qr-
*alv4 imnpedancte ,a the frequency is Incmreasd missibto attenuation, rAtheor than the power

ad iki lmrit the upptr freqttency that can be crl);Icity, governr the choico of line size.
reerd by the line. -%I low fnf-quenc!aa a 'Te losa due to u-.3 dlelecttr supports I&

simlecocentric diclo, tinc so-1)rt or bed itlyaeoadth ateruao Iaa
wM ii ufico, provided the iteratve lnmpedWa determne frm Etq. (17) and the relat~lvo

........- - - . .. . . .. .T-,biA S-S-LWAt cr 51 .5-4YRTu i Utic irv ITR-Nl-104h

fx v.- r

I IO
OX) 0 S 00 0115 Boa .ds 0. 18 T 11

00 .-.. -------- tiyoctf.re -n 511

it) 0. 7'1 ID 0. 26 C -S 'SV C Isg

S53.2 0572 2.

1D 1.572 ID 0 5G r6zc

~ : .. w :7~ 5S. 50.5 1 0.2"0]~100

I II -Ia 2-~ 5 4,&cU2g .3 51.5 1 0.031 118.0t D~ L20K.. 00.
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.. Ii Table 8-6-Proposed Inner Cmductor3 for 75-CIhm Air Dielzctric 1I1gid Coain1 Lines

Inser ccrnductor I terative irnpedauce ~d u i ec ke
ILine diameter (in.) (ohmns) Mg_______ ___________________ "c

O.. TD o imu i Air I_____olstyen
O.D lineionia Mx Mm U Usderct Ovrcst Undercut Overcut

1.716 1.636
6-j5'T Y5.1.4 74.70 1. 003 Mb15 0.431 0.699 0.332

-0.004 *0.004 ____1____

I.869 0.789 

7V

*0.003 ±0.~~~~~ 15 75.20 74.59 192 I ~ 5 .8 .5

j i0.438 0.362

4-5/03 *0 00 75.27 74.49 3.O229 C 1.013 2,737 1.301

0.2 . 7 5 715S. 74.00 U,143 5- "5 5324 2.531

*00 02 ±0.002 ________ ______ ______________ _______

0.082 L u_ _ __

Ro T5I,4 34 21.0 Masi..0,8 e 14.6851 A.91

2.1

Orthogonal qmo;Si-LUNCOMPENSATED TY PE-S

M0 Tjhin kindarciA (E) Tttin omeco1 MF HK1 enl

I' COMPENSATED TYPES

274



T'able 8-7-.-roadband 50-Ohm Coasial ZMWc

MY*e AN signal T per MAR VSWII of
sixe nomea- Corpfa frequency 10-ftit n c r
(in') clature drawing limit %7ith S beeds ___

7/8 CG.-1374/u S-DL33600 14 Wec 1.06 at 1.021! al

2 -5,/ cc.1 U jSC..DL-33632 2.5 j-A 1.05 at 1.13 at

conductivities of the materlnl& As the center of the mo.aton of the tranamittsd OignabO
conductor aconsfraot7 ecn f Deratig factors are shown below for many
the loss9es, its DurfacO Musi be kept partIcularly COMMon appltcntio&
clean and smooth. Fgure 8-5 illustrates

curves of attenuation vs. frvqueney for typical I
commercial lineig intha6O- a1nd75-ohmnregion.- avrg Ratio ol pnak
These include a 10 percerit deratig factor - ~ ~ ~ 5~
from tliz theoretical values, tW ccountforcon- Apl~lc ii l rt are-vl
tact resistance at connectoro, mirf-ice oxda- V11WR tyansmitter tage (F,)
tion, and other factors, encountered in ust. power (F,)

AM AGO~ . 2

Two criteria have been msed to estublisb hO ,
the average powver raingsa of nir lines. Stand- 25 1 .71
ards. TB- 103 and TR-104B recomumend half of -''

the powier requ Ired to raise tho oute rconductor -___

temperature 40 -0 for a horizonta.l run in still- KX>ay cycies umiy rip bewztven 0.001 and
-. :air. Thk eqnivalent ti, a maxiwrn tern- 0.01.

peratture ri'3e of -93 C on the outor conductor.
Steidard TR21-134 limits the maximum Innor
conducl~r temperature to 1G0 C at an .ambient Cr~ln~~db aefrayices

temeraureof 0 C Th later~ ~or dt-creae-e o tcrmperaturei- rise, Eq. (2M),
I ~ so-vtiv baedon ompraivadaa by RCA caused by mnibornial ambient tempe*ature.

sraibsdon theirnttn 3t Tetrng r5ntcro iaii shonld of iaaidtei cardfull
*~ ~ nthi 1/8-inch lines atI 200 Mc: TInstreliton ndg-

_________ ____ -in anly Wigh-pawer ApplIcation. Set also Fig.
Lins ype T-104i1 TR138-3(A) and (13).

~i .5-ohm stoatite he pesi powe-r la limit-d b pvlt flaah-

tnslatr~over Y.,ich usuially occurs3 radially at the
intorlace betweeicn thei air and the dielectric

5l.5ehmTefln 2 a-upport. The cec- value depends on the,
lnaui~ted tI'*I5 rltie humidity, thio surfqa roughaosrof the

50.0-ohm imercut 22 kr dielecticl, the pr-esence of metallc burrs1 and
4ell ~e40~ 15k similar factorB rhich ore very difficult to

P oe~~d ritrr wth 70C tmpsatue etiate. itni i-cso y to use direct ruaea-

risc (100 C be t oo4 surements a t pwwer frequzencies to establish
sfopr.tn value a Significant Imp rove -

Increasing the alloo-abieL ccnter coiductor ments in the voltage r.tin can be obtAned
tempratue t 120C mkes ~cs ratngs by placing concentric grooveo in the beads and

senewatcop~able, butnceeshert by Avoiding tshare corners In the ele-ctric

of oxidatlon and allnvalig of the Cop~ier. i-ow- field whsich will introduce localized corona,
eve, een uly aneaedcoppe has an ad- A thin film ot air ( > 10 ' mn) at a loo"e

quato nmechanical yield otreaath for most ap-. bfe,-d will tacro~a"- the electric field intenaity -

plicationr. Figure 8-4 illustrates the variation by and reduce the permnisnible Oeak power
ofavrae owr uadln ~ 101~it wtt ire by el. A smaller Lncrvase Wn the cioctrlc

auericv for the samie Iin or vwhich attiela- field occurrs i tbe no of an undercut b,%ad,
tion charaicteristics arc plotted in Yig. 8-5. that 1lr
Thiese values imust be corrz:.ctod for the V81Y.1

* - .and byta facto r (F,) wkihhdcerion the naturo
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For r.-f opeaonoi, thea pea.'- Value 01 G0-CYCIO case, the gat3 ohoald pasis throtigh a outtal
teat Roage, 1,c q3 indic.ae inTbl - l ehydrning ngent, Puch as silica pziL H ger

F-Imild h~e redu~ced by a oa1ety fzctor of 1, and poak powero can bo qchlevod with owe o.
by tho factor F. fo,, anplitzde raodu2atIoa more atmohphoros of presieuro and thin urz c

Sp~et.-k conect r r provided o~i rigid

It Wa cuatomarty to pr~ rrld linve iI.ne s-ctons to 1a1,ii properly the inner and
with a dry 1ro{gan, mich ai 2-h-, nitrc ,na or ouiter conductorB, to assure good electrical
carbon dioxide for nrnrt rel"Iable operation. contact be-twoen theni, and to render the

IAlth~ough the lUtter tw.o rase3 have a slight ju~ctlo proruiv tight. Earlier coup-ivhga
{ -advantgrc in reducing c-ond&;ctor oxidati-.1, air consisted of a polgrlzcd outside flange 4Md a

-Is morto T\!2,ily avallable and hence uaz!i al- 1AleC contact or "blilet" whlfc Wn e ldered
Imoet oxcluslv-ely. A gag,, pr-essure (if I to to one of the imner conductors. ( t2) The more

1-1/2 psl abov e 2amoeph-Ni s adN-uatU, ta riecent Loliiary cculing deoigna ara &hMT~
prevont the Lngresu of nioli ueu to noirmil wmssen-dcd Icu Fig. 8-7 and In crooR aect"-i

-tenipernture fluctuntiona. For smiali systeMs, of awn ineernbly in 'l1g. 8-&. They arte 5xuall
statc pr -sur may We naintabicd by a basal -n-i Incorporae a oelf-copnii4unated bexad rL

pump or gait tryiindr, while tho Lxro. systems the coupl~ng,% to support the weight of thp

"oan AutomatiLc W.oto.-drivecn primp, In either center conductor for coi~nuous vertical rTun



U2 nterchan~eable flangers for oi1 line Bizea are owng hangers or roller support&. For
being adopted as standard by ELA and the mill yortical runs on a ate-,l tower, the differential
Way service&. However, the contacts sboiv oeunnion is reduced to about 1/2 ich pex

for tha 7/8- and I 5/8-inch lines art? comn- 100 fezt and can be accommodated by iaprhg~
pensated for higher frequency use, and require hanger. A rigd hang'er and two 90-degree
less cutback of the center conductor than the eihowo are recommended to anchor the liwa
M types. A swivel flange is also available nt the antenna and to facilitate its lndepeadefit4 - - to provide for angur msalignment problemns, O

particularly Ini right-angle fittings. A large
variety of, matched fittingn can be obtained 1031UPLE)CBLE tLMS

- in eachlie bto provieangle beirda,
termination of the lire, and gas connections, Theiv are many couztructlonal variationc
aWx to provide interconnection between other Ibetween the rigid monxil lines and flexible
line sizes, flexible cable, and W:.Wegulde. cabules which fall In the broad category of

onmlflexible linee. There lPnes can be fabri-
Eipunsion -and contracion of tho line-due ecated anid shipped in continuous lengths fromi

to temperature variations may be expected 20-om00fewhc n be formed Into
to he about 1-1/2 inches per 100 feet from mioderate be Al rins, installation. The outar
-25 to +1'5 F. In -torizontal runis, full pro- conductor IL ooth-drawn or corrugated
rision mast be made for this by the use ol tug of n ductile ,netuL Adihionalprotectlie

500 - -- -r~r--
- - -- I nmcdki~dCW-VSVIR LOJ23 dekg C rise o otr conductaor

It 200- ---~

1~ _

I2 0

20 20 40 - k 101. Z-~ -- 0
_ _OUW, AEAYCF

VC.8,AeTa K.c - W lf%
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Fig.' 8-7 Drsanld coplj fo stu icha

strng'f eft'&.flxMT (000tIdfpe nm1,Ops)adtewapn tecrqep3if
th .7ilt al t ih;rikiritn,1

inor 9t n mCOlprV-BO1VO

aroor4 the,, center cnndluctor to vuppe itnd ac , o avallehie whIn lirnc-dac e-f 70 ured
to MinuLin ;a low Offective pe-rmlttilty. Styre- 177 ohms fronm 1/2- to 3-1/t3-inch dlanator.
fleV cabloc ;re manufactured with a eon- All ,mbee a mrkde with an e~onp lc

<I . tin~Umv-es laminated M.l~ compoe of thin polycll'noset rwt pca rnrn
______ or cuubic rrane.an or submiarine u"e. i t

triaadsae u-adn ia s -n- -1413801d1/
*1 ikrntfcAtlco ao a rpt-cifl cable? conuflruc- mcchnima Atrng V: to obaned with cn ex-

It-. 1,.c diseu!;nion Is not rentoce io on rd- t ed round potyek wt-n c' o lonn

win~i~r i-isiruilosrCoolly to produce

Yorkocx Y.aiVnmls-F~psDd a The Helical IgemLbra ca,;ble ugcen. a thin
Al C 4Th York, fi~at rl*on of either alehln rTfo

lito f-u support the innercmducior. Tiatnembruno-
LWAIah-Anibeoni Electroolcd, Chicsgr, Iti in obtained by cutti a vpr'-al in a hollowv'~~ ----di VA nelsen M tembrane - me Telegrapho Conoiruction& dletituoofp-naizndnsn-I Itir~nao~e C. Lck. ree- iisium ehcathistr-gmoii down tiih~y overt'ae -

Canulda Wire 4L Cable Co., slightly lowe-cr permiltity, nltenaatlon, uail

Torono, Canzdz i t than the &tyroiex. but is not :kq raqg,-d,
PyxLte=ac - Iljroi-Aax V., ff -n, Cokunty flur- famaibla oer It-, mdzz ran ga from 0.05-

ham, 41=xito 1125 Inches. Greater care mst ho) taken
.4 eatrAl CaS 4e Corp., New York, N. Y. in the Innitailatloo to awaro thl at A jP,_gvog

s/ { Z7
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The electrical propei of thlese alrap=aci
cables Lire very similar to rigid lines below

Teflon beod 100 Mc. In thin regioa, thq aluminum outer
_____conductor increases th~e attenuation about e

p - percent. Aboue 100 Mle, this difference grad...4 twIily increares with Lequency to an ultimat
N$~valuse of 35 to 45 percent above the equtvnleflA

size rigid line at cutoft The impedince varb-
- - n1 tlon with frequency Is also tz4ghtiy larger,

- -' ~ but utill below :, VS"I of LO08 as a rosut of
InnerCWV ~ X Iner ondalo ± inor irreglarities in the dielectric etrU*c-

3 tamre ad dimensions of the outer conductor.
"0" rbq wM However, clogs2 to tbt upper frequency limnit,

'2At Ortn~gUndercu innei a mrked lowering of The impedance has beePn
W L CIO(observed duej to an Increased coacentrztion

frePt of the electric field inthe ielcrc.2)2he
degre spcingcables chould be Ingtslird with oealed fittingf,

Fl. a34 COWr and maintained with P positive dry sKo pros-.
mire. l1lttingo nre avtilable Lhia, are comn-
paItible with both rigid lines and ficaibloe

the center conducto &es not occur due to cbei
* Hhenti, thermal mqiansio;. or a combinatie4

therof. 24)solid Dielectric YMnes

The Hell"x cable u-a-.?!s a thicker ribbon of The cscod category o-f aerniffexlble cable
poldyathylene to suj-:ofl th3 inner conductor, use3 a9 moid or continmous form of diealactricI' ~ ~within ai corrugatatl steel tubing. (25) This In the -size ran,,fo .60t .5 inch.
tubing ins coppr cl Ad on the inside tot' l- One of trly ty"s (110-8I and 82/LU use

* . ~proved conductivity ;LM Iis protected szenly a highly periLled, cornpcicd magnesium oxde
by a bitnlnok etw-rof opud insulAtion, with soft voppe-cndcos.(7

* imnprelplated paper tapes, and a tough vinyl The attenuation of theso Pyrotenax Vables9 i3
jacket. Heltax cablefo arc presently availtable oomewhzt high, T articulArly at the hiohr
in rnnnAi 7/8- an I-5/S-inch diaters, i.eufnicieg. and thea lentilU n is very hydro-

- wth conriderati beingj given to 14P 3-1/8- seopic whtln exposed to th, stinoa-phere. Ma.;
4 e Iz. N Lrgiting or bowxli tools; rieent designs use3ze por inlyethylenve or Teflon

are re-quie o il ntlain h bl (Aij ak) or P"-lned polyethyleneai (Foailex) with
of its otrcnuctor to withstaid repeauted a~n r'lumh. ; shr ath. Tt nt1uci l

Iflexurv (50 to £00 Umosnv) pzbout a rzd-l"s ton solid diel-ectric Incriar-es the peak opvraqtirng

IOUTER ALUMINUM INNER COPPER
CONDUCTOR G(-,tIUCTOR

1TRFE 7rP ..- 0;LX AE

. LAMINATED HELIX

-r. 9-0. Cntn-.y pacimo oV gtyrci!Ax ctb~e.

2.70



T7i1b2C 3-Nominial Charactetristics cd1c F5?0.O', 4NI coz1al Cites

X- sDieltfi ~crca jC21 pea-% ccn~cr coaductor ~W"stIed
diameter testl (In,) (in.) bmP4

~~(y .7(n. -____ J i ± O.D. 1. D,. OD. e.

ii3/8 1.40 24 2.2 Ibild T0.112 0.20 0.375 g1

3/4 1.216 23 5.0 &1id 0.251 0.032 10.750 7.5
7/3 Lm.2 22 8-60 F1 1  ,S 0.3 .7 58{ 0.0'15 10

1-1/0 1.2Z3 22 8.0 0.051 0,4( 1.0 .25 1?
1-5/a 1.20 N2 11.0 0.055 0.591 1.472 1.625 2
3-1/6 1.10 22 19.0 0.071 1.107 2.8M 3.125 5

&/8 1.10 j 22 415.0 0.110 2.5 5.5121 6.125 W0

~'voltage aird t1he a tmmik, b-ut Iowogran 3 cOAC On larlOui 51J-,Oh typeo in Onw
:)erj i1 reoiwtaace taaiflcientl7 to ret~ln the /-rc ~~~~loa

equiva---or handlinj capacity of an air-
Opcod lie, 4Jem WfeXULA lines nuithout a jachet P3m~lfexible cableg pvid.t a oruvpae4 Yn-*-
have a nrnaller ro_!uin snd improved pow;)r g0d iiu-t~lalon, xrith the j icni pro
rn'ting in comparieen lo flexiblo cablc's of the tectian3 equiv~alent to i1ghtweii2 Condult for
saeai dianit-ier over the dielectric. IThe oolid yormnneat Interconnictlcn wliWhy open cable
outer conductor Rloo has - lov;or attzonuation rc~mnys along buBU~ads ard In jlaiiar I
than z braldMd cable. The 6-olid dielectric nitu2tlonr, Inatlmt oontaci %WAth ny rnztcli
s(nmlflexible c;?btoe cmr W porwmanently salvd suporting ub roe ancee o their Internal
for high ultitude or for g,,marila ore without he it diesipativa propjarttme Aluminum I~fn-
the need for Pumillary p-miguriag oqulpmvnt. in11 tnrenn. re dJuo to Jto ligteor rweight
Although an imact mm,~rio ikno pnobl omr co5 and aonatrategic aatu~ru La corn-
due to d~mensionsal itAferonce, Tablq 8-9 palrfOn WW)i COpp.Or. 711 prnX~r t,>o11 WA1,51
Illvatr~tes the gradiod tranaltion of char- b2 cwd to ovoid in h1arp bei & ()r I~nka In

~~2.- ~ ~ o v---.~palc arloaa, 50.-CI otmi tfxIblo Cable,

Helicalyo~

rdl7lercl- I:-, . oaraie P1 I j b- Aia PRy-ih-

____ ___--_____ rilkonf taprO ',1et - ___ oxd
ChR~r ctqxkx tor A Iu inur Coir MiM~r

0~r~11br,A I
Dic~er orr dkklctric (h.) 0. 40 0 0 0. 0.285 .25 0."~ 0.283

W~IhtlW1K~ I) 48 01-- 03 103 1712 1210
Zilnmur ri~ln. rakiu 0Am.) 7 4 .1 iS 1.0 4 2.

M .lnlmlln V~bIpArv; 6~vwtr(a. 1.i 32 32 . .5 6.5 50 8.5

upjzj-sr tj\-ratlxm irp. i05z C) 55 95 95 85 T00 2,k0 85

paiincluvx (mu/10 1 10M 07 . 15.0 2 j.5 .4 1. 29.$
10 xfi 0.23 0.36 0.30 0.33 0.32 0.53 0. C3

IM00 t1c 2. 4.2 5.1 Y.G 8.0 6.7 .
10 Wc 2. 3 3.7 5.2 1.7 17.0 -~- 1

,~v~raN Voe 1~C 0.7 1.2 1.5 1.0 5. -. 0. to
ik~~l40C ~nt~t 100Mc 0.1' 0.34 O.S5 0.30 0.50 - 0.20

_____ ___ SLt 1j 4 ag1L .0... 6.0 4-5 1.0

114fx Cma t 35 C WmbVAd -ierp;rature.



U111 eling aMd nctlling cable, aMwMsca ue n acodne vt Seifcaoou
care, enble can b49 rouwd, LUL-C..47B, "Cables, Radio Fvoqueney, Dus~

Prution~ should Twin Conductor and Twin lkAd" or~
Pr~lut~nzshuldbe ., n o pevet cn- by interim drawingi; or aeclficationo whli

tinual vibration from "work hardening" and refer to It Az of August 1957, the Air Foreor
OvettiallY crackino the sheath. Copper ah22th planned to, utilize =.I-C-176 lor all gceeralJ is bettr thaz glunainwia from the ciaadpoint purpose cable&. In sddition, Air Force aptd-

ofvibration resistance. These cables can ficatlour are of two type5, one for specia-
Withotand short-time operation in tha pree- purpose cablea and one for new eprmrn
enco of opei3 flamue& Fietane4 use above types to be brought tinder MIT-C-PT13 at a
their rated temperuture will causE damage to later date. A waiver is required ior wuiOU
the cable sheath due to the rela-tively Lqrge of either of the latter two types of cable since
thermal coefficient of expantilon of the di- aingle-service spe A fications are r.ot liated In
electric. However, mine ral-in oulated typer, the coordinated inotallation specification
can be uftd up to 260 C for limited operation IL-W-5088. Tha EiIA &Zandard 134, "Sol:14
up to about 100 hours, and closQ to the soften.. Dieloc.'ic Cables," is very misll- to MMlL-
Ing -os f opr tnder euergecy conif- C-17, bot is rest-ricted to th3 roore comn-

tioe.mon polyothylen.e types. MAny of theego cAblesI' are alao b-eLig adopted for militaqry applica-.
Unprotected copper o' ;ahuninum can ba tions by the North Atlantic Treaty Orgnla-.
usd utdoors in dry tocttons or in aerial Cion (NATO) couintries and, for conunercial

installitionv thro thero Is no daigtsr of n4VlAcatlons, tbrough the International lZlec-
electrolytic Acto:1. i wet loc~ltloas, or In trotechnlcal Comniselon.

r'.. the presence of corrosive vaporD, the aheath
i~hould be6 proteted with s:.;pha lt coated laeea, A brief sumimary ' the contents of sovzerl

orajacket of black polyethylene or vinyl. A of the military sp-sctficationo in most 6ezorvd
metallic nrilor Is rzecommended for nAcl- use Is given in Table 8-10.

toimeciialuical prottio When uinder-
aground or underwvater burial Is requilred ConttncUtic!

U'Lh.IBL-5 C.ABLE Al cbles con-Mast of the sarns basic ele..
tnentm: .~cent-er conductor, a low-losi colid

Ii~ixblc cables are thr alnnpieat, =6o or aeminelid d~olectric, aied ono or more-
versatile, and popu-Wir means of tu ison braided outer conductorr follovod by A wter-
of r-f Pnd microwave energy. SincP 194, proof cvring. Ove*r this coverInD, madiuw

*they have been Improved contliually with &nd largo iiy caiblesi may Mlso have an
regaird bn temr--Ature rwnge, 2ttontuztion .mor, or a 1cd sheath rla haha

stailiyandoprug voltage. Th,ir ex- ana r. i y coniprnisee art? Involvo-d P-o
.*.,. .tonAlvc u.10 hua alco been a major ienie to the cliolce of materialsa and coN -iructlomqal

*for the developmeont of new high-fr-oqrency feutures of ceach 4f thise oloie.-its to attn
dielectric mAtorlils and new pr~u~ntO~J- mood ovdrall electrical and mac-hankcal per-
niquec. Co7_-Iat ca..bles have heen rirdo in a forrianco undir ii wldki rango of envirm--
wide ranme :if cie n lcrcl hrce- mne Some of theseo fectons aro dis ursed

Is ic. Dscas-an I n da hereto Ar-c limited briafly bolor.
*to th e mot) u xid o r -sitand a rd" c-oaxi;a typea

itha n wi alrpls als n Ccnter Conductor. Solid copper If, ur.ed for
speialpupos cale beiLng troated Wo rub- codcosa-avo apprxmtl .0 nhi

requecni tiO dlamneter and concentric striindied conductorsi
(7, 19, or V7 ntrxyds) below, 0.100 inch for

Sf-c if leat lolls greater flexibility excepti for certain nL -
ture cables iwhere zdcquate flexribility can be*

Cablos are identifiod, univorondly 11- their nclie,v- with a rolid conductor. In theSCt
military nomuenclature (conosing of the COMn- iil sis czbles, the Majority of the flin~cg

ponnt Indi, tor, JIG); A dArh folto-ed by an otressB io ahcorbe'd by the dieliectric and jac-k-aritrr seilnm rwt uffix letters -stlig materials whose &tronjth exceedv thatd
deiasi eubsc' ,,Tent deslgn ch~aunges; a of thc conductor. Thus, the condulchur doeev

* slant line an~d the suffix U indicating, genenral noat, In general, lit the ilex life of the cra-
utility (for exznple, RG-AA/U). Theu conio- plotd cbIer.
nent indicator EG applie to Pdl unternmiraicd

* lfwg'hs of c-f tranmifjson lines and *-Ave,- qingle coppnr--clad 0"1 ,omtuctora also
guides. (2-tg) jba wajority of ciable; ikrn pio- provide goxod flexibility ard add nethalicu&I

S- ~ Z8.



tzntintesmall and miniature si-tes nd~ has oln ensi7feconthe attenton

necessary on high -te mpe ratu re cableo to pr-~ bility and Bhiolinits
vant rapid oxidation of the copper duiring prec-
ezzing 2nd uso. Nickel coatings art, aleo Jac-let. Mlck vin-yl resins are oi-irteed or

-4a for thi ups.Tncotnsaeue tubed over the otder conductor of all poly-

to gacilltate toldering of ca-bles to fitting&. ethylene dielectric coble& Cables with Tefloc
j dielectric have a loree wrap of Teflon tapeM

Tin an nikelplaed ondctos 5 ~j~ l~ followved by one or more glass oraids in-

limited to low-frequency applications where prgtdwthailoevrih.A ex
th tikns o hecating will no nr. truded rubbet sleeve with a acrea braftd

the ondutoratteuatin ~Impregnated wlt.' a fluorocarbonlcquered
can be uzed to impv-ove the very poor abrn-
Wan resistance of the ginsc -ilds. leer

Dielectric. Polyethylene is used almoset eix- miniature cables, a wide variety el jp2Ch5I
cluolvely where the maximum temperpture materials Is avrailzble vith different uper

wilnot exceed 85 C. It io etue diretly rnmerature litts ouch as extruded Teflon
IIover the centcr conductor in either a solid o : *eat-fuged tae-eo or Teflon- imp regnate4

or -Arspaced form. Polytetrafluoroethylcmo heS 20Cexra~ nnchoorfur

(Teflon) ia required when temperatures from ehlne( l-,eirtnorPlihoa
85 to 250 C are encountered in the vicinity of (3 o10Cl xrddnlo vrvnlo
th.- dielectric. It mnay be extruded and s~n h-ea fused or lacqvuered nylon birald (10-5 tr
terc-d in solid form or built up from layers c, Cosdrto salobt gvnt
of tape to !ichieve grvnter flexibility. A high- U-f Ilo of hlgh moecla eight ~oytyee
temperaitur- senling co mnd must bLe used pimnd lcforolthlncblwee
to fill the voids in the tap,-d cable, cxcei't la th tepatupe wl ekp eo 5C
the mliniatura sizes Vhere the tapes can be
adequil etfsd Protective or t-s A close brald cq ale-

minutia armor and Pf-lhij aO Sz)lIVd over timo
Outer Cone ,ictor. A single close? fittinj ja(cket for mhipwarei Insf.-littloiis. An -arnolr

tjbraid o fIn co pper wire (0.0'1) to 0.004 glec protects thea JAO:1et ag'aln S ots o e
_nch) Is uicd most frequiently. Tin- or silver- in li.'_P'dokuq l cgtions or uig n

cad trandis nre used for the aama rear-ons rc-k y berrqin Cabl.-s for nieznarl bx
as on the centes, conductor, asq woll w; reduc- in wigi loeations h ,o a lroad ahreth over Ore
Lng, thek aNparent r-f resjistance of the braid- jacket for addA lorig-timp x-,.otatojre :~- nA
A ecoix braid of either copper or stiael Is alice. A ;eeria of hay-4.ity gkaic

ued o -maov shielding, TIho second braid te el nirmor wire emnbe-ate'.e in 4ye of

: oJj-altcj ;V'14c' ...; for the Iretalls2-
-iln iatu re roaxilal rablezi wiln.- "'en straqia of ~nadrcvr elteehayi~e
M~ 3 AWG. iilckeipfdceatjc~'~r~dco als

ter roiduiors 're furnti~nhd by veral niaenc-

tursrc. The condol-clor hqs iippro -drnaetvly 8 petr. Th haclchrcelc oftheoeat ;imd a minimnenn of 70,000 plit tesiI, CIlpaeiiq-i t ~htndwmlf~% Aren. n,~ ov)eral cant ~rn~Ith Meorm b zln r aeutet itaad ml il
aeof the c -durcsutoris narly itnubiha usag'e. Thed presenft vinyl j ztclt flayl a temn-

Ms hzird-dJrAwn corpp'rvl Coaducter. tlse 01 this pertitur-: rarngi froin: -40 to +100 C, arM wter
type of cAbic i In i~iAcd whcn: wnd '~aherof~Mio and g-olyont mfertat-

L eera ionl~ureCOA C~IQ5areto ~ ~ant, i;lih gE,-xi abrafton and tearI propertles.
to.F,-tter an i niuilor'.ductor c;be Ezix',rinientall work inv/ttctes th.0 a milicon-e

1- When k Yq r v liRec5nr7.ti rubutir-lacqusered polyostrr fiber brikfi jackct
TN- mndl-orli are limilted. to fr encte- -vio ha Rnsbr ito reitnenarly 2 rea -z

100s ,t fino rektnori, goat

Not eooush cxr'r~rnci h~zs N-en accun ltd .2 nl.se.o pOlychln cgbl an t se
of n~u 1)57to ndcat ti ~~e ait ~ over the ranige - toi 200 C. The Teflon- tpe

lot~atutlon caugid by tte .itckel plal: . prt r age (-55 to 2150 C) but iare seine-

11 it; ISvt! aOI1 noij thai. where- kanger of Mckingj what lEes ig~ pairticularly With rOFspect
th csx'.cl I srippin~g is lxmnuibe, oie zniaintrii- to abra-sion reslstance Their behavior will

centcr-ceLidutor tq~ a j. re jirecorrr-l I.) ie v)id- be- dlte'iod more fully undor -k~nvlron
iu'iutor tyXk It nicking ccurs with thet'.ritter,

teprbjibility of t complett break in thc ccr-4ec
tor I~w much gretebr tt. ni with the IrnixmOkonec

4 1 . tor ;)Nerc it is unlike0Yly 'l all !bhe stra-Xs -wul C-4blea c"n hee gru-4xi n-. tt convtnlet-ny'
be brokeno if) fseaija*. it tarmsa oi th<ir dlamuter ox-air de ti



TableC 8- 10-Military SpedCfiCntlona3 ('tadVZ 7it

Nuoaber Transmiasion tLine

Flexible czablov

MIL-C-17B3 "Cables, Coaxial &aalc omnnitus wordlyred sprs.
and '1'win Corchnctor for Radio cation. contakie3 VTrItoay all typtJ
Frequency [Jac." cl flexible LoaacfaI, pokne, anO

Flexiblo cobi-a.

NIL-C-4866 (USAF) "Cable, Performince rcienn for o-e
R-idio Frequency RG-62B/U" type of iorl- citunca r-f rn.

RG-32B,'U ~a~fdied by U -

N111 -C-8't2 (USAF) "Cable AMtntujra ef cabRes, zpz-cifi-
Ractio P'c-quency, Coaxial ctiorn zmprccded by tAIL-c-
Mftature"; 25509 (USAPI. Fomf of the ca tdeg

are le~ ~ats~ oclded In1. l
C-t17B.

Mt-C-145?, (Shipn) "Cable, Aaettta w~ent~

iijeat punl-omo,(t.'etce, eaa-lcr-e'
c lectic coxa lea cblei, h a~ for cosinc
w.srappe-d, nytoii covere." rwhm~rsCdI Uovh% at -a

PAIL-C-255t1,3 (URAF), "Radio IDetati foriemai tr-f h,
Frequ-ency IG- I 15A/tJ" ;-5AU roz-d by

m-I-C-25s175 kUwm)

MIL-.C-25875 (USAF) "Ca.blea, Flixiblo anrd txieirdd
Radio Fr qecy, Coaxial" cahlr.( .or 2c .s r- -rna.-

fl(:. t~l toe naarborneca"
a -d com It-i ysttmnr CI
th-a, Air- 'co .

by ec 2-5tZ~3T513;

:% This_ ___ f__ ____e mhi,4

Il-78 B, A. INhA, I&OAV arf

R I-ZI d

Ml.t - L -3SWO"le Rndio Ett10_: xr3Ry1rqicn
Frf-quw'nCy 7I-m n.~ s-r"' for 50-ohq'i oa &wi~orp, sites

MIL -C - WMO (U SA F) " Ca ble, troin 1,/G- to 6-l/tLPrTh 0. D).

H adio Fre uamry IG -134'' R Nuir c r. for a csec tflc icr47

bed- s-aj:or-icd t l-.fli'i, tle cab.

(D.O0.D.R In eaich Mit rar-r, cnhll'a are accrl.rtcn ofL~ cnbltc: rtore r&taileXl
aval~le~ethirxAnets of A0 and 75 ohmsf, 't to rmztU in Its ucntaiinrdin I'm L-C- 17Th

wiha g-ner.Al purposo or high ternporature
ielectric, and with spy'c tal aMlitional cover- Potear n-nd Volt-ago Ratbsw-

Inr 's i -q,0rcd for nntchznlcal proMect'r'n.,
TAble 1-i sanvr=1. 't3V these VarirUt COn- As 7-;Ilel be exwf~,the voltatge anid
mti-uctional equivalenti and subsequent datai will powcr ratigs Incrkeae4e the &ttenuntlion
refer to the t-omenclature of the biaic cat'ia (lcrleai-C-. directly v-ith the dismeter over di-
Only. TIable 8 -12 ijidicates the general char- elcctrir. For the rtjul7;alen DO.D. arnd co-



c-I Caa 11mr:r z.~wm

mina-, ---.- --M 17410 187 1
Aroee

&M&11 0.16 P 1 3, CW

0.181 Artr- red ______ eu

*~~ I IA,~ 
0.I0 

M~d
Armored 10A, 14S 1 1 3H3 1

An D i 1A I 1IV

0. _SIM~'~Tf~o ca1 ~ r m ),tt r rd 74~-A ~ tc Ix bhre~ c~Ic ~ e

tho0 KLtfIC -bWl I.~Q rt R Az , 35 , A,95

raTepgo!f C;LN- Pr 75-.Yi P"1rt emt ty i poo orc o ~kror ol~ue z rm1 i f t e .

att~u~ionandPritf rntt v~lsfT rculuecyfo

orxton h vr~ ce la prcticall r# difm~ Tcmp -- rture Dra in .rtie d-C
a i I cheof at oe.-A u'tho povior rut~mC) or

volbleo rimd e o pro :uyle 75tolirn TivpvT ____clo firxctn fo rote Am
FIow r vts 0-10 an c 1 or C- o tion V-r IWne 0- .Wii aeIde~
alecutri( an'do , rator ttvs. fthe ra - 0.forf 40 IO

Weslc. Tbo att- n. tI h au v re 4niier 2;a. edet

%: e 'dur o itOo t c nt er conif cr. the n c -Nraltur ba e i neLectodur (I-- Ch)
rapl c vi- v of lor. urter the o.a-a e (e, cete c Sdutr

With o increrl o ix I , o coA ta fruccbe , ucr-tr etac tco~ O )n hr~

cl~ectr'd, bre:,k~nr , rth o thu.2h er d 11no; it- -0c 0.3 0.0 046 -3

tioe nti -,All uovr. 71%-,t~ zrebrig ueod be- Is lbraibetk~rtre~o o

1'on theira p'0on C bute aL\)v the ao0 Cr~ uniwor TO 0.k00ab ~m~
te abmuvc (th, tif e13, a e wax m ~ ctd usd mh1 "h TeN- Asfeywth



Coplding Wegt oeaIr

17/U 7/nO Tme
vu cclrpsr

19'.0i 0.10 Tijard 0. 10 r1,62.

Titwned on~

copper

5B' 0.053 :c: 1 ::5 Tw 0.3_ - ,in
Sllver, d oilyarcd (~n

7/ _?9 11. _

I9 7/0.0,96 -q
Silvecd ofveI

17A.*U 0.195 0.680 Cc!,' r 0. T0 49.1Im

~~cppc 1. 1V' 0.0 O 9CO. 74.s 14,0-

19t, !u 42 63.t
K r

59IA LI 700i .3 C~v ~ 0A .2

IA, O7M 0.$ 019 T r - 0.45 112S6.7

~ IK-i.~ -cc,

A' 7., L). 0 15 -- 0- .6,O
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Table 8-12-Cbaracteritics al Staid R-F Cables (Mit)

A-Dia. of Oveal
1lF dielectric drk(a imeterljn

50-ohm Tefloa dielectric cabksI

196/U 7/0,004 0.034t alvered 0.0W - 500

6, Coppervleld

188/U~ 7/A,0OM 0.060 Silvored 0.110 1.25 1,200

Silvered cpe
Copperweld 1_______

14;/U 0.0359 0.116 My1ered 0.190 3.0 I'm0
silvered copper
Copporweld

142/1] 0.0359 0.116 " 0.206 4.5 I'm0
Silvered nilvered (MA4
Copperweld copper

-. "143/U 0,0570 0.185 TWrO 0.V25 10.2 3,Ga0
Silvered silvered

Coppeweldcomper

Silvered silvered1/020.0f Tv .7500
copper copper

11AU 7/0.028 0.255 r0.150
Silvered Vlee
copper comper -

87A/U 7/0.0312 0.285 Two 0.4w(V 17.0 6,000
Silvered silvered.- -

a .copper tcjpr

119/U 0.102 0.332 'rxo 0.45 - 6,000
Copper L-00per

04A/U 19/0.02r54 0,3'10 Twe 0.470 -. 7,000,

Slv ctrd oe

OAW 0jpe~ ____-) Cupr 07- 45.0 7,000
I i~; 0.1900.PCopoper

75-ohm Te'flon dielectric c~~'

187 - /004- -OOO Silvered 0.110 7-'50
Cj1pperwe][d

140 0,025 0.140 Silytred U332 4.5 2,30Y0

Copperveld

A-144 7/. 9 0.2854 slivered 0.410 12,0 5,0w0

*Copperweld Is a trade name for copper covereJ steel dencytbed-- In par1-rai*

o,..2(f MIL-C-17.
tTaped Teflon deleftric (Type, F-U~

I -a-
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ig. &-ICAt. Attonuation eharadierir, 50-ohim polyethylen abl x

250 C, Its aust.-ned up-e abv 205 C (400 F), thelx- hmproVe-i perfoi'manco proves ocononi-
lz3 not recommended. Above thi ternp raturo, icaL
olight traceio of gaceo-uo Teflon have been de-
t~ected, and oidation of copp ,.' becomeA qultc Capacitance
rapid. A maximum conductor townporaurxa O -

205 C Is permiocnibie for oliver-plated copper The capacitance of the 9olid dielectric. c! -

but this should be rieduced to 150 C for bare bWas '"r la tnvorcct y vimS thir Impedanct
copper, particularly If the calbin Will bo sub-- and iV'OraQOs 21 and 29 1/2 MinI per foot for

eted to aniy stirtaned mechanlical 7h~~bg 5- and 50-ohm cablen, roryptctively. A lower
Teflon h,-s been ued up txn 3 C, but the re- capncitance is often dooirablu,, particularly in
lationship bet-,-a temixeratur3 and life high- Impedance circuitB where the cable

shold ~ lealytinertood by the des-gn -.uto Vh Input to the device. Tob achiere

e:ngineer when ouch hIish temperatures arrc lowicr capacitanceo (impe-iances from 95 to
cons~dered. The power Y2tlnga plotted In 185 ohms), a very thin center conductor or Pin
Pig. 8-12 are based on a 250 C maximum airapAced dielectric or a comibination of the
co.nductor temperature for all c.1blev except tvo is required. Such cabltn generally emn-Ifor the min).ature alan thich In rate-d at ploy an open umiral wrap or braid of dielec-
205 C. (17,29) 'Thg 250 C ratinga should be tric to support the center conductor, followed
reducied by a factor of 0. 14 for a rixifumf by a cencenitric tube of t!ielcctrlc to support
!ernperature of 20-5 C ini by 0.47 for a nmx- the braid andA jacket. Data on s~everal popular
mum temperature of 150 C to a ssurel P!1- constructiong are shoin In Table 8-la1
longed cable life.

- Attenuuticoi
Teflon cables have sligttly lower high-

2requency attenuation -ea-6- oftelwe I h icoi~ ein the VSWR, looklqng
disiption, factor and pe rmittivity of the di- Into a flexible cable, ma9y Va4ry bta tVeelj 1.1

1.3adoccatitotnall rechshr
electric. Miniature Teflon ca.bles can be in- and 1. n rahshr eaeo
Etal!led in cr.unped quairters- with much less 1.6 an.d 1.8. The rnagnitudie and! frequency of
11hazird of daxniage from xoldertng. L-. the lairge occurrence of these sharp resonances tn-

sucts, hey re uchsitter to handle aml cras wthcal length and frequency, that
canottc pivcured In no lon continuous In, with the grexiter nunmber of electrical

lengths au polyethylene Cabeles. Their cost in %wavelen-thsi. Tht -.e rsonancef3 are due to
c'onsiderably inore than theair polyethylene1 2ddit.17o reflections from. changes In charac.-

couiteoat!LThe Poul beusd olywhen teristIc Impe~dance caused by fluctualiona In[their suioerior temp-r-ature Is mandatory or the diameter over the dielectric, ellipticity cf



the core, or centering at the conductor. (30) flexed. Thbe braid structure of the RG-/U
Such small continuous variations are inherent and 911/1 cables were spefically redeigned
in the nature of the mechanical extrusion proc- to make them st.able for microwave use.
esl Pnd are more nrevalent in Teilou thau
In polyethyleace. F1or critical apilcatfoas, COMIzCTlC2_
individual cables should be meoasured by
frequency- wnng techniqus over Lie g* Tho coaxial coiiiectorc; used with cables

cifid bad olinteest.are usually the limiting factor with resj~ct to
Ok ciie ,aii~Iteet nd operating iolt- ,e Connecioros re

In addition to reflective losse, a Eharp in-~ available in vartoua sirfeB a14 siZes Within
crease In attenuation may occu~r above 3 kMc serieo to cover the complete range of cabl",

4 4due to the braid cow~ruvtion of certain (The A series comprises all connectors wvcmc
cables. (31) At thewe frequencies, the inti- mating portions are compatible.) Connectors
macy of contact betweefn the Incilvidual braid for tho mediunm Li7e cables such as the C, N,
wlies has 2 marke e ffect on tho apparent and QDS sieries are designed prlnvirily for
resistance of the cable. A loose or open braid good lmpedanc* match in a 50-ohmn syst-'m
or any form of suxface contamination can With proper assem~bly techniques, a mated
cause erratic attemugaman when the -able to pair of connectoro will exhibit VSWR_ of

10,00077 ___1

1,00
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FREQUENCY, M4EGACYCLES.b oe

j~ig 8-14A Avlrga pouvr ratifis, W0-ohmj Twflon cs1el.

Icr thn .3upW10 id~c. netir rwoak voltu~c v~ix t' caductor ol iiio cdbL. d1ivtly. WIth
rain 5 iitdto 100(1 volto for 1ow-cduty special precautionatoycnbe w at tho

...................... cyclo, pu.i1ced r-f oporuai. In cort~in bypos, oaquivzlcnt voltj go i-&tiv and up to ilia ctiloff
thirv rnLin , "n N-) Incrieed to 4000 volts by fre uecy of tho c~x. . 1hitchl cor.,ciorij
siacr1Xlcing Imp4dance ui~itcllng ab-ovc 3 kMc. are ai1o available for VA- erniil icub1s (13NC

.* Connectorn for the large cW312;i buch as i serion) wnd the rnlniptum cablos (WfB, SP:,
LC, LT, and QDL series utilize ffhe diclectric 21)d wo forth, LBorleveX iAU1 coneciors aire wa.

M~pcIium Impeanco coiivcj'*~~r t1cxc-DOD D
Nomnu x-t Wt er l.

62 GA/1J 14.5 93 0.025. A-. 0.146 0.242
3A 110 125 0.025 A-2 O.iR5 0.405

-11 13 185 0.001t A-2 0.?83 0.405
125/U 7.13 150 0.0159 A -P 0.460 0.61,9
210/'(11 1.4.5 05 0.0253 F-.3 0.146 0.242

~All ccodtilors are of cop~er-ch~d setl, ex",t fG-62C wbich li Lapr
co~r~steil1

fA-2 alrzrpaced polyethylen~e. I'-S xlr~paced 1Tfhl ..
* I JIG-6'2C bas boon renlmee as 140-210.



|terpre'f In the mated condition, escept for lar for television and nA receivers, radf
some of the series for small and miniature amateur use, and one type, the RG-O6/U, si
cable, which are usd within the interior of findo military ue. The dielectric increaesa

4 equipments. Connectovs within an- series will the attenuation by reducing the impedance7$ lso accomlodate equivalent 75 n 95-Ohm a-angp but makes the cable much lesa ans-

cables, The resultant Impedance mismatch is tive to the weather conditions. Pigmented
of rdo practical significance as, in the" appli- polyethylene Is uoed to resist cracking caused

catic ia, the total electrical len th of the con- by continued exposure to the ultraviolet rays

netor to well below 1/20 wavelength of the sum Care is required in handling these
flat cableo to prevent kinking, twisting, or un-
even tension on the conductor.HAL& 11CED CABL4ES

Shielded Twin Lotxi and E~M Cowal L'Ableff
"Balancd cables consist of two conductors

oymmotvl ,sy paced and insulated from Greater electrical stability and mechanical
a,ome reference ground plane or conductor. In ruggedness are obtained with shielded tvn-

'most applications, voltages of equal magi- conductor and dual coaxial cables Two addi-
hadxi but opposite polnrity aro applied to the tie-et parameterl, capacitance unbalance and
conductors. While it is a three-vire ;-cult, transmission unbnlance, arn of interest as a
'becauso alt Ito ymmetry it may be analyzed measure ol elecLvical 6issymmetry. Dreet

t flaiarly to the coasisi structure-a. comput. in or measurement of thle capacA-
.... n elance b en cnductora (C1 1 Is difficult

:*Don-.re Line due to variation In ground pqsentlak, p Jm--
ity effects, and uneven twvvaing, (32) Iastead,

.. .-l>'P 'Jih, opn-wire .tne Is the earliest and irs- it in usually obtained by computation from
•l let form of balanced tranmilsolon line. It the Individual co-ductor capactanco9 alOW-

V!! ,ist of twx hard-dravn copper or copper- Jl. Fig. 8-13.

F clad conductors separ-ated by, or susjnpended
.,. ..., rigLId insulators. F r a given conductor t (Ci )C..fl (27)

• "si~ze Lo center-to-cealer spacing dotermine U- 4j ,i } * the 'line Impedmce Eq. (3). They are most e-
fectn, .i higfA impedances (300 to 6O-) ohms) The capacitance unbalance (CU) in percent,. -.
and 'or low fre-quenctiec, particularly with then defined as
rhen able and douiblet antennae. The attenua-

I-""0 a n a d pow er h andling capcity r o quite 00 (C .)

4 ~gool"iut are highly dependent on atmospheric C's
conditions and sow or Ice loading oi the e
conductors. While installation is simple, it Is CU Is a measure of any relntve variation in

p:permaient in nature and requiren conoldera- conductor diameters, spacing between con- .
hljifNo clearanco tpce aroud the conductor&. ductors and ohield and permittivity of the di-

I Open lines are quite siceptible to Inter or- electric. In a ;,vll-made c;ble, CU can bte
Al ( oce from enienal signals and wil! begin 1o kept '-low 2 percent. CU is Independent of

rad ate energy to an appreciable degree when frequency over the range where capacitanco
the ,conductor spa.,g approaches 1/20 ,ave- can be meaured directly.

i leingth. Sone attempts havo ,xen made to
overcome these limitations by supporting tim 'Trnnon~imson unbarance (TM is a muc .

StVo conductors In a rigid 'ube. However, It Is more o.noitlvo parametor anid i; dofincd as:
necessary to redce the spiacing between con-11 dulors for a practical tube size and the ad- = (vantages of high impedance are lot Fabrics- TU ,- V I +(29)

lion 'hfficultles, particularly with connMctors,
elb.w, and timilar accessorIeu, slro militate where 7, and V2 arc the vector voltages

,against their upe. mea.sured across a matched load when the
Iv line io excited by a balanced voltage. (A con-
" Twin Lad venient means of measuring these voltages

-Yxkuhlis described in Paragraph 4.6.13 of Mit.-c-

Ftexfblol un~hoelded hwln-conductor cableo 17B.) Th angutlar shift (0) i'.tweon V, and V,
" arm currently being fabricated with a continu- depe2nds on the phaso coast est a d the toal

ous dielectric of solid or semisiolid pol- length of the line (t}.
ethiylene in a variety of cross-secUonal con-. --

it' ', fIguratIons. LA)w in colt, they ar very popu- - -

0129
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7 C, Ojiocitnce etwen Irequenciez below aeveral hundred M~e. They

t-acnductor I and conductors are aise aw-led extrensively Ai fixed and por-a-

Zand 3cortwted together.~ rnfnIen wytm nwiI

* ~ ~ ~ ~ ~ n~dtctor 2 edccnductafs apfctoa, thezeg Aileruatloebrscelste
- - ~ ~~~~~~~~~~I d 3 conmcted together, r eodr e oerntn oo ocn. _ C3=Ccwotonce btween corn.: A1 m- an Intoediace of 95 ohme hiat

conduc~or 3or4J cnductors b-senm Lstabijed foar tw-in vcables and 1!Th 6=.0

t-A e nd 2 comrectt4 together, for duali cablesg. T1he dual coa3al isa irnJ'erontiy

-2 the condtors are tWisted. DlflU'eweqt ia
coaductors, pa tcubarly tbelr tengtho, m'je h

3< (Al kept to an abso'ute ininur- to, nuhieve the()CAPACITAJNCE BETWEEN CO24DLCTORS required degree of traneudssihon balance. For
I (V1  ~~example, A ae diffrec cl tV ere

V-% >.. will cause aN 5 percentg TIY whkh to equivalent
2dol V to 'a loeth dlifer-snce ot only 0,625 Anch per

deal) hwndred feet zi 100 Me. or 0.101 'Inch Ri 600
k (~4 l~o. A summay of thvlawtektc of tlhe

a more popular tableo, appeart it t'a 8-14.

a(B) VECTOR VOLTAGES AT REGEIVING &Xmal trlimer capucitorse im te used at
'END OF LINE thev cable output to Iiproveenraniaon

8-2. teaionbla i aba~r~d~.balanpce, Even greater Asrvmet i
9hown In 13ig. 8-15. ca b eahevedb

* IperiodicalIly tranponaing cm ctr(that la,

Thus., TU depends on both length and ire.- conecin conducto A e digtrwnh to ecrutncy 2mn well aa contructional diferences, I ftethr egh ads ot).'tcnoc.odutor 2b legth, aMon engt tio conuctorpro
Generally, the variation between 1iductances euewudrqiefco'opi~go c

<estee In capacitance. M~iie cables with low ofseiLmlrzdithg SCaitlOA
czpaciiancc tunbalane will not assue a low ptite

- TU, such uzinlance may serv "s a quick
scrcenlg te~t.Empirica correlation has'T

been obtafned between those horo pargareiere

tenuatlon will alec be reflecd li the values
o§ V, and "'- but these arm, genzrally of F

owodorder m~agnitude,5a C45z;;rwt7o. 911 migh~dtwu~incw m ur at-
6u cvW alco nsxialo Ind~vIdually .~.

to thre rondtors tietean owod j bd
Fieral 8 hiel and .laclht na kchurn i W

Fi.81.The dual coixil cablfe hanq individ - k \-
costruction typoled by the uG-*2a/U io ben

rE-placed by cables of circular eros-n section '~i~
ouch as the IZG-18 IC )/U wich hiart grfwler

*flexibility and are easier to handle. Tincas
c.2bles are mechanically equivalent to coasxialC) A
cablesj of the Eannio overall diameter, And, uno *

.connectorsi very ,jimilar to the convrentloma
coaxial connectera, e.xc1p1 for an addtina 1 4It u H2

Cnnducior. ALs ceencrs,.M.. -

_ptct o & ' v tn a n~ dtual cab liea ~ r i . 5 h flI'I &a 4 an les of taonc

pr jiklyfrrcie pAcfosA cables.



Tabl 6-1 4-ralanced Cable Cha1rdorACZOI

lamC9over erdIiI
38/ 7.8 _____ 02_ 0__0 xi ~ MOW_ 0.30x O.M5

ba8AIV 24.5 7-- 10z.0126 0.079 (elch) 0.235 -

Sh 1 d 21f 0.420 Mi Sin~ 95 k5 M0. 5 10 7/). 0152 0.285 -

co~c~ ii~o0.490 (Armor) 14.5

130/1_____ - 0.65 .45 9.

---~ 1 0/'i 0 17.0 5 ID 7/0.0285 0.472 -

Ml/ _______ 0.710 (Armor) 29.5

24V ~0,735 x 1.034 V.
~24Ai __i___

L.~L..m>L______- _ 101 -0.210 (each) 0.6-"0

6.aaizc~'n '~ mearni cd onloo aw. tl1/40 x beween I ke ned I Mc.
onIGO-foot iongthbetw~en 100;ir41 160 14c

N'ote: Sc1.ot Naivy C~nhleo IG-160/U abl RG-181/'U were o t Icleoted Avt4-

~ib1 Incorprea ttettaa. ciiilroi wirma

F LE CABLTU42 cAble reak vvltUP

~ current piet, for acxatn microwave 50 10 i5 20
1 magetr or ltiyrt oscillator. Thiooase uh5 15 2.)

voltagfes ranlgo frmea 0 to 25 kw fz~d their peak 12-1/12 15 20 30)
power;s Ire n tbe Ordjer of moegattO. h

~. inpoes i~u~~~ ~tngntrequiremanto A Glght Inmpodanco miimatch Is not datrl-
wi reiqpf.ct U) level, shielding efi mnentld, and. niay oven aid ija deiordzation C4

,! ,y sclicy and lav-r eoncy attenuution thain t- hrtin oe-or, excesolve nMISalch
i Arteq~r~ of i7avvreflonsl co- axial cableT, cRan reoult in pulce "ec'hove' witih sIfficient

.......... .......... aergy to prematurely tri& ;or the oevilllaior.

Appflathon
Conotruction

in line-tyvpe a ~ os the energy wmored -_____

-~in tho putre.4 'Trr"In net-vork to3 p-6rlodicalT Puloo cables h-ye ontorl, butyl or zW-
d i sch et-gee in.Ui tha u of a injgle rectangiudax cone rubther, or polyethylene as thea primarl,

fMW ! A hyd7Tea.'1 th-ratrOn tube throught dieloctric; wvith si vinyl, chloroprene, or butyl
" " tecubjc *tj the JoCj (t-hat Ii, thd ofecillsttor) rubber jaci'eL The rubber dielectric adhoroz

F~or mlaa"isum OneA-tntulor, the) rnpdi~u ez closely to thr, cornductors under cii rerue3s of

of Vte pullse c ,t- axid the pulse lform r .in, net-. eprtr and mchbanical flexidng an-d hence
worX thould Lx! tAt iwune, and equjal to hail pulse cableo do not tendl to dovelop vois as
the r-alle of thke pe ak fnrward anodo VOlt:Ig readily anthrmoplasi aba. h u-e

trend in recer)t tubeo has been toward higher inateriale are not seviouco drav.tmac.fl in view
vno'd e otaes isml bther cut-canto but io -n ftelweuvlntfeunisa hc

lower ratio %)A- "directive" limpedance. In they tare ugz(e& Cor-ong-fre-e oporation at those
.j$~~ i'1 ,. ctual 'sterns, ' i'oImpedanice will Vury voltages, requires somo iorni of conductive '

o'r0 e to keep the numubier of layo adjaccent to th. ier or outrcnuo-, '

Cabiv~ to V; :tU14Uxn thle following ratilva or both, to equalize oenevlete~
havebee seected -atepeered valueiL ConductiVe cjoUjWd C4 thOW MaterizilB Witb

hav lxf.n ne 202ti pee
5 I

q'



?

Curve A, unmnodif Had cable RG-22 ANU
lo-0 L:4Oft C.IJ t3.14 percent _

cc Curve B, cable .th lumped capacitane
compensation I_ wA

-),, Curve C, cable spliced at midpoint to0- Inspoeconductors i-cc 7

Ccve C

if2 40 60 80 100 120 140 160

FREQUENCY, MEGACYCLES
Fig. 8-16. Ztfcct '2 empenatioc inetods on cable trasaisio

ceisivti-sof 100 to .1000 ohm-cm are ex- frequencies whoare value and amplitude can be
trtWor wraped In sa thin layer to conform determined by a Veburler -nalyslo. From A

* - o t.~tconuctr cntous ad t bod lll- frequeoncy distribution for an Ideal pulse,
=aly to ths dielectric. shown in Fi. -18, It can bc "en that there

ifs a- lar11ge ti-c component M1sI a mZJOr' porton
Chgartrisicaof tha energy is contained in the frequencieti

below the first zero 'The "weighted average"
'bls haescesflyue poly- or rvms value of the attenuation for the puloo

cthyiene for modera te1 powers. (34) However, is reeresenteti by the surniAtton of the produeg
hl,-ther orp;-atig temperatures and greater of the Individuial attenuationcotbuonad

flx-htl n-ae rubbrzr dielectrics mndan&tory the isquare of the voltage amplitude st each
i hthighest power cable@. There is3 no of the dis~crete frequenctes in thea Fourier

.' '.. ezt- correlation btwieeni corona walues ct.. representation. Fortunately, there Is vexrl!
t'si_-2 wlth GO-cy a-c and unidir:ctio-nu little loon., of accuracy bry taking only abont
d-,c pulse s, aithougn the fanner hia tw-es ten values equally spaced betwe en each zero

sha 'to bere co raive, particularly and omititing everything be-yo th fourth or
for olythyene (1) I Isrscmmed& hat filth zero. Attenuation data is aqlso required

t~-Iv~ pulse3 voltaige be liniiic'I to the raus on thee-n cables with ailroidai frequencies
valce P! the 60-cycle corona extinction volt- for such rating purpossantfor m.plnofactir

at ill greater operating experienice is oh- control.
taira- 'Ths provds an adequatek sftfactor
to allow for corona degradation due to flexing, 'The average powter applie-d to the pulse
thernal cycling, and aging. The peakpus cable is the peak pow-er multiplied by the
poazr itabllihed from the aniplitilda of duty cycle. To uctermina whether thia Is
the P-alac oliage in accordance with Eq. (21). within the -cafe thermial limits of Ciue cable,

the "weigted average" attenuation mnust bo
11- attenuation and the average power used in Eq. (22) to comipute Uie resla-

hus'dliug capacity under puilse conditions ie temiperature rlfne. Only lnaitted data ax-saral-
pendcs dirffctly on the duty cycle which varies5 able on pus 'hrin in- u'-r varying
bl--M 0.0005 ;bnd 2.002 In mnost radar conditions of pulse width enA duty cycle or

eynenin and Is eatablished by the system repetition rate. It As of particular interest for,
req-1irernents and liitatIons on the thyratron specil high-duty cycle ipplIcations3 whero

Vand microwave tubes. 'The enorgy content of thermal heat'ig rather than voltage uybeti.1these* pulses will beo distributeld at specific liatitins factor.

- - 2930
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-~ TPuh~e pei~d secoids~test e aipmen 1t a~ best mannar In wftc2
Teipor~ol of reeito Wtv

aO. Aelectrical eharacteyietics of the equipment

and 11A/U by applying another coper braid
over the jacket followed by at econd vinyl

Dalol ofJacket. Such Imroe shilding Is equally
effective ina preventing external noise Irona

-CC Idiexlering with ery low~-level eit~ls la
the CwAbe-

a:- f T t.±Data on rnilse cabie have been g'vped into
0,75 4 three categories -_ik summarized In Table

G~)AWdc S0- r~~c 15. Group I la th-a conventional ctmal ntype
0.50nrd ~ cnita a nozn.roeathsitn

0 %tt~ra n- compowd bceteal lAycrti 4A mi conaucOi O-
U ~ ~ 0.25 (order ~~~~ pound 15 to ZO rietil Tp )deet~~

o horrooic~ In Type Ef eelectric, the outn, eeaducting
u-AIn efted y 2red in~awng -

~H Id 0 -- teriai dus_ 1b difficuties envountercd in Cleafn
:3 K- removal P-1 lie ow-ucting rompour3 in the

3 -0.n fieold a~astly V, connectona, Group Hr con-

O~ tainn csables of blaixilA construction with.

Rcductmaeria ofl~ apriu vinylr gacktt. An oj . ---

conetructioo in' whic the'~r~il o nu ~~----.-------
bledfroi th ouer o reurneonteto byduu d Ow soi-

Ran inon~.e of qmluocr ~gnylcr or d- aG -w-

ithikne or t"noe of e rime caernin pcme i ee
hvew onl th vohig N-akc on~r olllin, bt th

Mhoe reth puble doteroec to tge ich RG~AJ
otheti~ intrye whiclh~ t~woo ,riheld. toe In
oter rond h uctr 'ori oftuan cnucr byhr

rcn lo-frequeo Y~nc as pn tanea go N tho ts
Athines coppr braid of adequate r thaterl Fpcre OeW

hiveld. F sige 8-1 ffocoth on arledinproutvo-
tactwid o th con.9incaoe In contrast&,) to -r! a,.

theowing all th brid toae tietstcnd coriiA B/

tact. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ' rh cue Phw o Gii/ ewt ~CV7C~MCCOE
ote tre bodutrad counnted ofa thner at " boh ii.a-7 ct~mrnpnefoidsrU cod 01 he c~b -1 fhe conet by al re it(ai4ictr~t..uwdfqsCoipe

attutliHw



....... .......

I - . . .

0.9 '. 9

fli

t- COC

IDC) 1

CO Coto

0 0 0C.II .~ __ J~
xl i~ __ Io



4

Group M1 compr~ses tri m-dal cableo ior peak proportionally to the square of the ratio of the
0 wers between 8 and 50 megav~atin and high - rated voltage to the reduced voltaga. She

1Vdityl operation. Higher average powera maiu -, urn-arigcpcta

are aoveagne pow haln capacith shw ctina Fi. du22 taao oor onterelthb

Glalroup of butd Goup iblenico rbe whic toex thesaingcnetor wryhigoht cye
cans wdthstn oentappcondutote 0CC miro- ope3rationetr z eindt ~le
ao 2nd Grou C, Caeshvey (3c) Broied ale oddvriosfrtesale
ittenuatonuator the useh oretin es, s show canbles GZA 0,t4,8AU ihin vie. o-9 whei h parerdimeter dicthite by uaiglye ne h rad yh

."e ombiatic cabfl e waped nc udnd Mt ulig condcting fo r rundIer e the bai
ane. reSeie ig.8- B.)len fidlit of4 inh pulbn ze inU0 ei~tthe mab ucerai or rubber-
tow tG19 efet ofa the shiducing ~ compoen type25 in, ac/co rode witem )ALcare
oteuean ave be0 replertiued in aneheceib to re o ti toraero te
intrleorn Galupminu ado fo Ir"tefll cables arvhncnucigmterae ampod willoundalngbe-
hat is8-nd i-n In en lopa a to their twov er cabffi and emaet hr ~oto cf

rate votagewit an dcarecanglarculrm ic inet. Hehver hey redce nolWA
Actual ~ ~ ~ ~ ~ 0 peesmr ery prahata lectrag.l noectu: t te por ctact~o be-

e Idal sae for whh the pa an epboo fedasmby hr t onf
Incr~e~ sgnfial i hs caablse for tmpcdathe matcn~ ln coitnector l&Tartbe

operoated atd Gropy cm.ainofdt y
qtd pe width eo app. cu no th icvrog- Cn3ronnect orz x Gres igcbe tod or
rpaonr rofp tHe cables hill muot bexcoded eRGlS/ rarle vsioa n fonra tpe alice

It Forteno ate igpferqtenciet en lo toow cabes (RGbe-5r ty, buAt 8Ar ) corA free

pulse. widhe dut}A cycle ca bilncoded t t uithen rae cndulin vltages.n~ theye baid

ahowthe (R-25,20,64/U proidp -oxrem cara b

-fc ftecnucigcrptr

re -a;o of th.

onAtematonabve10Mc Pls rtig se i usml t i~-iof.a -A.

codctp Am a Iud-gbv

cuve orGou 1 ndU cbe aeshwn_ mtril.IprvinFg.B2 n -1we prae tterti i al hil a rfn otouc
t ,--tneo 1olhaegeb eue o
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0.1
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,O C< f
0 004 3 x Ihm 1 ca* 0-d

W1 02 0,30A 08 Li) W( 3D040 60i W0

I V. 61. Celn~atza pvain 'ew ag

- axial short betwecan the 0a;r -tiled ;nd mtter beyo.Pd ifh range of mo,,t- fixt!d Wutuors
ctnxiucfor an; ahown W r. 0-3. Concectors
for 11G-191 Wid0 FtG-4g suvo pre-m~iyhlij 2 T,,o sa c tadard 5 0-ohni cablesar e thn

mcode&Te r of t potbecAd type, 10 R ii-2IAUrt oytye dielectric nd* %hich the prepared ciblemriv ill bho awnbktd the1(-128/U With a Teom ditelectic. Thiq
'Iintoc R riecoptacle, Rt wnoar n-rccseaqy to gao thzir ~ era.cterteucs

S with Mv~-ritac mtErhd forb th tn
portion of the, cable ccre to Liqgure proper co-utr- d.Ulo for tho outer c-onductor
"sombly and corona-tn. c-eration.- of Lhow 1(-12G/3. Iner;,zning theN):v one Mte

di futi ma act a docibi Nbeiae t-,
SPECIAL PURPOS CAPM1 awuato b-mcemen trvio dopend-en1 on fiT-

y ,zczry vvo.d the chercterintlc i nvdanc n rot
AtIMt Umeu, It 1A deuira -Ic taercnat cer- atntAnt. (37) The, ,salcpt fe;tures of these"

Ni c-,ble* pAaaetor5 io f.chie-ve eciel.W two catioo ame fv-ton In TAble 8-M8
uc rio rmnc c1L chratrtoiz 1% reeo rm4 cuea-

uml re descibe belwu
Dlycablca origfiAtod an! high-irnpkmce

High-Atenu ation Cables cablis,, ouch a1 the Itttforbeterrnatchlng

1in~ ee~t osigird c f high-Unpadacce dciruli& Their hhLh in-

I ~corporate the maximuum I4''aaln ta els erin iducnc ofthe ca~rodcovhc
consinlenft ic hir porar hiln rcquire- r toilr In wx Atitut cha4racter-
niontB. Tbey are ited to Lt~-on ,) nnt to i~ ,octg a low-an iltr T
achieve is5eiati:"is of 5 bo &i) db btween a-T pirnuretrr are- comparatN-vely connant with

tt"Ion of a qystem to r c any atidesi red I requoncy witll cutoff in6 reacord, beyondA wihich
internwcton They algo seave Qs eourreoierA thebtnuto tiarai~ and the delay fails aftj
browaikin dumy tWads cmSaL4 of dlasipzatn. rapily. T.e Cn1tralf f I tnec , i ir cd It$
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-I--tge.''lofinr ofC {4meCr~it n ------h---ale-------- cmm: caibna;ony n
ofLV cbei uL-... exre_-- _n -i x

mirseod. g.ay5o 8-2-I Cain-r Acondtrtxrtesprir ie ihhn~ir

ij~ ~ ~~t 1he poitwr-en the bote attasiatvon with cuto-onutn fi lce ne ccne

ohft drunt from inearto re-e peifimued "tittt~e opesi cs~e r va-
- pecenage Th fiureof eri -o efic~ncy cic- in ba S-ite commrci b0~ on~lc h-

COf the cab4l isl unaty i rocd fo terai Cas fthi pcllae tcssd h l

- 0 c mc als r cc frpl ion, the ch, tcaracteristc curveuotiteccnbtos
forming net-7works, pseqoylization arx! tim- hol be examine~d cAreflly in t;ie- frequecy
Ing circuli in cnrr'uters, dat .aamIok, go or pujlse width of Interiest &mie atli-
color Irciiin n iia plctos hey ttoncI ymrienn n l$-rqo reror-

- ae eevery verlale in the lbhoratoy au ca tacived by o cth ! selocc ,f proper
I" ~~~~~~theitr parnmeters can be a-djur4ted " by the tnian m-dns o o rccce

inh'and tdsadt &lcyp& lumped ppirasmotexr) nc'Wrkzl

* ' - cetercondcto o~ hasec-t's cn ae moe eonomical tan cable. M'r delaysa
efs3 of a4 fine enamvicd wire clona-iy spiraled i h re f llsvedulrAri ya

aron 1 poyIthyien core. tI olwdb oXli~ must b0 u eed..N
a1 thin tape-,d wrap, or exiruded dilectricwha-
thlchneozs de termiun the t, Lfrt o-~ereCbe
braideid or rsor;v -imeiked vi.- oute.--con: We llbe - flxhol~

noothe time delay pe.r unit ie te diel:ctric aresbece to a W2Arp Unpact,
pernieability of thle cotre 1i ncr-enrnd, by V-:7 twiflwr - or ,ndIga41zo LT21re
fincorporation of flatlydivdd c5 SglCLC ma-

- ~ ii. ~ n nL er t-pes. tire ma,.iictic -

agent- rally limuit tb-a umpxer frequeancy -- $

- Lt o h t , 4Aic i d-'-quate for wnot-- k--

rectaruculaIr pule-C is4 0.36/f,..) Witl' n-o magnet'M~ca
arciri 115 rtrntthe "-t;!!f trecfUency to-~-

turns it can be ox..enucttd oome-wat ny corn-
pt: s-(itia csi->acttan-ce in tb- form of "Patches"71" a-, Trl'~ pw* FPZ4 .tr



-. ~~~'. ~Table C--~g-iie n blea

A~ 4

Core diaweter (in.) 0.105 01.

Brai conruct~ TWO, slver- One Karma
Plate cOuPe, wire

v -rall diagneter (In.)0.I 3 0.280

Mmnltnun, attenuaton at V~ I LULk 33 4
(dbflOO It) 1.8 51 70

3'a lie
Estimat 0average powes t ,4 ,Lde 30 210

y(Watts., 3.0 Ae91

oponse -of several millivolto can be decia& equilvolent In BIZO to RG-8, 11, W9,Wn 56/u7
-A ~s "nol.. Is caused by the " triLbelectric" are nvaleble for , oral-purpose une. Jinla..
affec that Is, the creatloh of free electric ture Mz.bioc are r'eqtdred with accelerometers,
charges at the metal and dielectric interfaces recordIng heado, and zirnilar piezoelectrice
ol the cable du~e to the local fracturQ of Inotruments whiore the cable meAn miust be
a-olecular bonds. (39) Ibis noise voltago Un~ hwk to an nbcoluto 'niniur. &ich ca-blec
;b, reduced to -irtually zero by interposing a vary In overall d~aimeter from 0,50 to 0.12f.

l~dcive bon'dary under the shield, prefer- tc eecptorheonuivcatingpa,
fibly of some elastic material, to dissipate tW conform to the genoral conotruzitjonal re-
eliarges. It also can be reduced by terndnating fi,!ea 09 the conventional 50-, 76-, and 96-oh-m
t CcAe In as low a resistive o shunit minlatue cables. Low-nolon cablov uso itAnd-
ff~pncltive lonk as possible. Requiremnents for srd coaxial connectoro of approprina caize.
03hese cabieo have not btoon incorporated Into
I.AL-C-17 s yet, but Dureau of Ships 1enj-
1 ,=dun Serial 817A3-h1-1516A ostablighso WAVEGU!OS
a standurd measuring wetd,RAI EC W LC4 ATRMS

iowniecablev aire iver-y vhmlAr in cipi- Md
's, &- ivrction to the tbrr'oplnhetic or rul-ter puite

ca.bles previously describad (40) lIn t, Mcctromnagnetic enemy Can po~pngate
RG-2i5/U cable Is -xceadingly noine free UP) through a hollow metallic hNbo or wavcgtde

l~aninpu inWd~flP o 0.1~ohis. abe i many pos.,iblo configurationE of olectric
Prci rananefic fitold B; ouch trpecif Ic cof utiioa~3 \.,~ -~-~'- ~ . ,~ ~ e known2o a "mode." Tiie aiulr£od

hlilchi lo treamnitted vithin 4 waveoTndo dc-
t poi-da on tho oecitntflon em oy and on the

.'~~ else and chalop2 of the wnvej ;ud, . o et
**.in reqlation to the zwavelornIh or I aoiceey of

I the wov.40donq gr: classified in reference
to thea field componeonts in the direction of

\N , TE (Treivorso LleStric Mode. Ttoe dcc-

2 . tr~~~ic iefdtcmoensaecotie in a plane
nornal to the direction of pr agstion. A_ tho

. Magnetic field has a4 conmponenti the direction

J U axxie,~-... tkoaoe ;odeg Ard -'l1o c2ll1 "x! e~
K~j.. . ? Ph j(yranf-wcr e iAngneic Me cs. Tb'h mmg-

norl~W~pecnn recuoftaine1 In a plane

"i. l-o Compus*t!d delay lino. normal to the direction of PropagaliocL The

V!,

, j



4 'Table 8-11-Comparioa of Waiy Line Caractertio~e

Type RG-65V S8/U R-17 R-18A H-50 -10t -2500t

Mechaideni _________

Wdto oize (in.) 0.003 0.0CC 0.01t 0.0003 0.008 0.004. W
-Core Ckmcier (in.) 0.110 0.239 OAR5i 0.115 0.115 0.125 O.12U
Core =atcheoa Non- Nonmagnetic Magnetil Magnetic Ma~gnetic Magnetic WIQVWUiC

PMmaterial magnetic compensaited compensated
Ovr al tmee (m) OV) 040 ,45 0.272 O.A0 0.280 Oma5

hapedam-e joilne2) 950±590 1000 lt" 2240 *70 2000 *150 180D0 1700 f250 2000±220
1%Tirwe deLiV (usec/ft) 0.042 0.20 0.11 1.1 0.073 1.00 O.W

Cutc. quey (MAc too 8 10 2

at ow frq. (00 kc) O.s 1.0 0.1 0.3 0.6 0.3

Gtud 52 1.0 5.0 3.6 5.0 1.1

DB-C resitanee -

Ph~adiyda7.7te lnar.- 7.7 7

*hsadly&pat rmlna by more Oti 5%.
t Markozted by Columbia Technical Waes Cop. New Yerlt 12, N.Y.

electric fleldl hia a comnporient In the dire&Ction Piroquency Range
of propagation, and for this reason these niodes
are also Called Vi wavej. 'The wave travellng in A guide in any mo-&z

I.; earosed of twot component plan wav,
___ ~ ~ ~ ~ ~ ~ ~ i_ ElcrcMgntc oe hs fot, each traveling at the sp aKd ol liph

-oa cowiibnao'i~if TT-i-hd T11 (102 metero per econd). M thera wanve-F
mode, that Ws, both E and 11 flela componentei ar at an ngle to the di rection ol pirp afior
are pre;senzt in th,3 direction of propagatcm the Projection of the free woelghA, oB ti

mision zaong dielectrics or dielectric coated -hihi iwa' rae. hi ie ietI d.phaee Velocity, V nihich in3 c1o50 .;)Afio f
nerthe cutoff fre-- - ncy, and approaches hlne

4 I v~~-elocity of light ns the frequency is15 o~i
'.-. IA moe lo Identified by twio numerical The aignal or intelligence triavels at a Viu city

gubscriptn (fE., or Tll,,) which denotes th-a oe hnta flgt iona the p-i
number of lif-vwv fiold viriatlona in the ~ v.mr ' '~cte r ~e
width (a) and height (b) dimensionr3 of the byhexpeio
guide. For circulaqr w ,aveguides, cylindrical
coordinates a re usegd whare :T ir, the variation VV.C
in the l0 dirlcio n aIn the p direction. rV V
miost applicationn, iheacediriennions are cho3eti FProp~atlon cannot occur if the *Vczing
so that only the dominant Diode, that ls. betwen prle odc~gpao s

* lowest frequency or lozngest izavelength, will tha hat f th uoiwveegh h
proi ae tf ny abrup hneI h ae following relattonshIp applier, to sny moi

g -d .os econ orostacle, higher order al-ni. w egis
modes niay bo excited, but they are attenuaited
very rapidly i the doiniant miode guideo A

a sortdisawe from the disconiut. c(G

The field distribution for various miodes5 In necaulr uIdsorllT wlTL
;,lpractical wavegulde configmrations has mcelo c ifwvlnt agr b

bee*4n trealtxi cxtcn aIve Iy. (4 1) A c roas-sectiton 110&3 welighU svab
view of L'he more rpopular mnodes is illuotratcd
in Fig. 8-25(A) anrd (B). T1he direction of the (33

-electric vctor is -alqne referred D Q1s the type al
of pol~Arizatinon (vertical, hor~rnontzll, cii culilr, a b
-And &0 forik In the trawneyCreepln the
lines3 of rnatnetic flux are alwaysl orthugiunal E-br the TE~,O or donant inwds rxxduceu t
t tho&se of 'he electric field. 2a, The cutoff wavelength for the -ext tiigher

301
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mode (TEvo) Is equal to "a" which, results ForX>>X., the attenuation io virtually 1z-
in a theoretical bund width for the dominan.1 dependent of frequency aM
mode of 2:1 or H6 percent* It Ib customary
to operate waveguldoas at freq.-encies no loa-r atjd

) than 10 percent above TEly cutoff doe to thir
rapid increase In attenuation, or 5 percent Ile input impedance of -3 wavepuide below
below the TE , cutoff, to prevent possible cuitoff is purely reactive,

* mode convervion. (See Fig. 83-26.) Ini actual
i'raigoie, re; ngular waveguldes have a rec.- AttenuatloiA
ommended band width which varies betwreen
33.5 and 41.2 percent The value of "b" As in the coaxial line, the M$enuation In a
must also be kept Jlese than a/2 ork,/4 to- waeud a -eparated Into conductorand
prevent initiation of the T,-', or TM 3 j mcdeea dielectric losses. For a gaseous -ld gidd

latter may be neglected except at i,-A
For ircuar s th cuoff aveengts meter wavelengths where &bs~orption phenom-

or dcircular gies rthe ca"toff tavlegl ena may take place at certain frequencilee,
anedtermioonedbye umciisU,.'la "Ae ofndiwctor or wall1" losses for z giveg
m-8 id the v lu te of At/ funtor, ri,, T~ cross section vAry as the oquare root of the
TM, waves. (42) Circular guides have a Nesie vt fte aeil n the rTWO !
usabl, "-fkd width of aboug 30 percent. applied signal wavelength to tbj cutoff wave-~

length. As the wavelengthlindecreased below
______aideeacheve grat~'~ ~dth the cutoff, the attenuation dropo rupidly froma

Rid~ed glo civn rs- ndwth Ita very high Initfia value to a broad minimum

the TEsg modes. (43) Bland withs aj high 8-26. C1hia to true for All rectangtdgr ndince been achiepr d Iwen other TIIAnd adtenrgnagi lwlessow nF4:1 hav eo civdI ihrn ge circular wAvcguido modos, except for t&9
or douoble- ridgo guide whoae cutoff character.. T-,. circular elvetric mnoc-es (that Is, TU

~stcsar aprzl~tly TEy) vvofe vittenuatior. continues todvcrer
wi~~~~vth frequency. For xnlninumn atnainoe

IrOn - is) 10 (2

wheret~v

been outablighed, the value of Anll edle', razo
min-td for any aipplied ralnghA Eq. "

*(30). This eqwnitlon may bo solveti gniphically
from the qua-ter-,,ircle chart of 1-1,. &2-7. Il-
It can be &een ffhatk Aits alwrays greatrr thani

X/k- aproachee unty lb ii- DLt1 1

is Fr wvelegth greater thin f, ie gaLt, ~-v~
Is nable to trupport a tra-veling wave anmd Its 0

atteiiuation incr >-es s3.Vponennily with leligth. 0 L-
Waveguides hbo' ,cutoff are comimonlyL ued for- 0 T
~arlable attenuators, whose attenuation for a a. ~ ? --- ' - TEoi
length (L) are shown bolow. Z 4---- D

I ron ofij

S4 5 678 90Q 20 3'0 4OY- 0'

~IJ FREQUENCY IiLOMME'ICYCLL5
B.ind wIdtho may be oqcos--d nP w eratio of

- ~ - f,:f,, or as .,i porcentAge equal to 20 Ff-,)(, 1,) F. G -4. Varlatlom of atteniumfien with IrL-
wh-eruenfcsty oerfeuec nd( h t-aE guie-.o oom O10toI Va
fhr 1 I elwrrd~1tte o gQloenyfravrimd- niI-1Uwae

S-.--
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7.Table 0413- ormallsc4 Cutoff Wave- Characteristic Impedance

C~iThe ainsolute value of the eke aeterlsitie
13 - rjtipeda=cr of awavegulde is of little direct

:1.90 3.14 2057 conCeirn, zs *most associated items arc tnr-
0.96 1.7 maized with respect to it It may 5e defined

0____j.818 0.730 0.031 In three ways for a matched losolese rec-
____ - tangular wavegulde in the TEO, mode. Similar

711 a, 2.619 24 1.224 definitions exist for other types of wvegnkles.
0.090 O .797

______- ~ of the electric voltage ait the midpoint of the

fit?_ largest poosie frequency range, the ratio broad wza, and W Is the total power flowing
o6 al/i, should We 240 In the dominant klade down the guide.

rtangular gte
'17ofthe longitudinal current flowing on one al'Thetia frmule for Tairbled copper 2.'1/ hoeiste m aI wawegule r ie nTbe81.Ton normal to the electe, vector, and W 13 the

r n-z be converted to auetalwuf other electrictc tota Powor flowing down the guide.
I ~ccnductlvities by Multiplying thema by Mhe

In rse ratio of the oiare root oX the con- 3, z wo V4 is the geometric moano of
dructivltles shoga in Table 8-20. Actual vnluec Z nnd Z (,j above.
ad attenuation are dependent on mrocopic

avcfce cndltloneen te frqueny ~ 'rie third deflrdtlon above leads directlUtIcreased and the skin depth Isi reducc to theo "wave Impedance" which isr the ratio ol
thauandlm o~ anInch UptO 1 ~t~c ~ the tranoverse conapon. its of the electric

22edt f uc tre generally w~thin 25 par- a magnetic fiumd at any point of the xzzve-
~o ti h e thoretieni, wthth best corm- is

Hctdwed surfaces are frecqnontly povorer, =6A V E4rkited suriaceo i.ery p great deal duoi to p-
rosily and rotghnejs In the vicinity off H&,~
the attenluation caml ris from 60 to 110 r-

-wt above theoretical and deteriorate even Frppagaini i nte ri idti
frtthea tuker adverse env ironmuental cotahi- rdubcee to the so-calleod "mcac 1f

-ins& (44) Thin oxitdes9 or chemical evaoati pe. ipdne i
are ;jot harmful if their reolativlty Is high,

I th~~f~Aat Lsa long as they are good dielectrIcse 1r-~ JqV? t 7 ln

l1.0 For ni~l TE mnd 0"A modes the wave impod-

j i fj f ancou for air-filled guides are given by

These oexprerelono are useful in thi deter-
nilnetlton of Impedance mnismatch and VSWVR

0.2 where the guide dinienvlons are changedV
slightly, ithout any abrupt dlsicortinuitieg,

0 0-2 0. 0.6 06 I.0

-i ~F1g. 021. Chtrt for dtvtau -cuds dielectric In the vicinity of naidbnum electric

Btro& Th gaieousdischarge procests lit



P Table 8-19-Attenua+Aon and Power Fe mulne for Com" .1swq ilnm~

Attenaticii M CWPM71-t koaflon CTfuaxi~mullguide k' (epr
md n pepr meter X( 1fl0 (Mlw e ,~ rreeo

T Z(t? ?a 0.06163a ah~ A 7, lt a/2' peimalel to
(etaag- ni2b 1 digetcira of I

TEla 3.412 41 0.19. 111 el ju center C4i zwlda
(Circular)

TEck, .4 PP 0.1mii ai - j"! At raiiknl eltad to,
(Circular) A, 04d

(Circular) rete d$ atirtgiillf

0.2 £A0. 7st 2f
AUl dimensoonD In racters, a vidth of retanfular giukk, or nadiuo af

circular guide and b it; the height cl r et-ngulmr gutd3e.

*A fcg.coppar vmlt vith air miJittrfc..

~E is peak voltep,, expreaL-,ld In kv yer metor.

more variablo in a wavegulde tha % cowil to prodrcxi lonling coliz!;oee, Uhe builedvol

the arg ga, -- anee, nd to reqenc of the ezL~i of mnifficient electrono to parpM

umder pulred condhitionn no the contir'x-u jphanw of the M.Ic%)ev0 fiield it Mhe t1,00 el
wave (MW) pwvr available from tubev Is 1,to apixarance. Wlyen a alnjqIe pulce inaplk
cnaiderably boaiOwr the capavcIty of the wave- aufliciefli th-ne aq wt eydnt for brcadoF.P

* eiltde. While hoating occuro duo to rctatfiv tW hor- ilith p'aLve wridth to docreopih,
-i in the wal, it is not ouff iclent to biflow about 1 mtcroecconW at ntirorpharix

*cauge any slgnhficant temporature rise or pienure the maximum in'etric field can hba
any power llmit.aLtioei in, 'esdsgtlcnl.)r -a seripdrlco

tMe breaXdown value I lowared nasn;
Beealdowno or cantinuon discharge occurg (Bloctrono will remaina ffrom preceding ykilr.a,

*when free cectronzi are produced in thle gap andj .evenwhally a palse 'Wrill occur in V711cied
at a rat, whc aed heir removal b7 brenk~cbow c-us take placz. Thun, the ei2
diffusion to the ourr-otinding wulls or sittnch- yillee coendlton viuk~ n upper lim~t -Fl
rncnt to neutral gpis moleculuti. 'Tiin pro-cong the CW eodom n . i cor limit on tho inogni..
stirto by the chance appearanice of z! freO tude of the Lbr owa field. noe vahue tor,
electron, Its accelersttlon by the eloctric field icerie of ja~e wvouldd b bterthn

Tibbre 8-.20.-CK acterisoticw of Commov WV lfe I dA

Mel comnpooitton Roletistvty tolim-r X Aot Culdkitlvfiy

Silver 1,62 I~.
Cn~per 1.724

Coin alivcr 2.10
Aluminum 2.85 . 1.
lr a A (10 -10) 4.22

InterwiUoaW Annealed Cqnper 81riarQ

ol --



limits depending ca the pr,' asure and pulse Coastructloi Early wavegul&- were fab4.'
eharacteriatico. R~ has been shown that the Cate from eepper or brasoai n~tectural
single rulse coan~on cman i sed when the zubing whose . atside dimensiono iiLd a widt
rapetttion rate in leso than approimately to height or aspect ratio of 2:1 (timd is,
meters of mercury normal ntmospheric pree.. 'heso early oizes have been retained, and it

auxe Z~ 780 MM). (/~is stll commou practice to refer to w'ae-
&,ide sizes by their outside &mnfns2e-. Al

Many of the faertor (aussed above are new guides utllze a aspect ratio of 2:1 for,
statioticaY, In their behavior, a.. in the ex-. the Inside dimensions whic simplifies scaliiW

Verimental determinAtion af breakdown, data of designs from one guide size Ia( another.'1are usiually expressed as a probability of Table 8-21 sumazrizs the dirne ilosw aW~
occurrence at a particular power level. Break- frequency range for the EIA 8taz.,rda and
down probibility is defined as Whe ratio of those a1zeo aMi constructions which ha, beeni
pulsen during which breakdown occurs, to the assigned miltary nomenclature. A11,9 7M
total number of palmes 2pplied. Thio may b? designation Consists of the letters~ WR rao
projected to a very smalH but finite proba- guide rigid) followed by i number equal to
bility known an the "onset" stress, which the broad rw-all dimension in hundredths of
determines the rating cl waveguide comn- an Inch. FVor the entreme high-freqneicj

ponnts Tetig tme ~ayberedcedbythe region (thAt Is, WAIlhieter waveengths) the
radltioa OUtflid? Coafigur&Lon of all the waveg ,ldon in

so ort) t enanc th prducionof free 0. 156 ± 0,001 inch fox, greater rigidity 'nv1

Wikg-ondX-ayorcomi x~yradiatin, ipecial millimetoi, wnveguldas are ccntzhed

Exprgnios fo Lh CV1powe amlocation
ofthewaxmmuHel otevaforthemost mglrweadoaeaw uW

popular modes ame -down W Tfable 8-. The In oeveral varisitlons ol these dinienglonn for
1xeak value of ivulUagu (13) depends on the ~pca ppirin.Whortesections of Wavo-
modulation and VSPIR in & mmnnor similar to g i are to b, tvoed for fabrlcna,,en vf as-
the coaxial casre. Ilreakdown Io most Makly Mociated evcpriso tung a b$to occur whero the fVeid in distorted due to obaie ,th a maximum toerqtwe of t9.0(J
Obrupt PM'hae ol cryso f;edTion, conversion inch An =ny dirnensiont In the lit-40, 50, i-ndx
to otnfer modes, or m.9onaziea, Surface rough- 51/U 0lzev, fund u'Ith a maximu~m toleerc

nsorchesmical ooatii on the wavegulde o 001ic nteR-2 I n 3I
wais stil also influvnce the breakdown v~ilue. otzes& Where two to ihroee nt-oopheres o6

internAl preeswre are required Yor hI-gh power
DETAILED DISCUgsfON OF TYPVS uvo, or gor hip) external prensurc auch iie

l~ecanguar ncountored in submarine crc,-, tubing with
___________________A~ hezvy iand extru heavy ivall thickness are

nvalable to Limit e-formntlon of the broad
Standard rectanjular waveguldea are irvaib- wall. Vllere ;ace Is A$ a piromitun and at

*able over the frequency rnmge f reom 170 14c low power leyelff, wavguies with i edmcd
to 326 1kWc with isido dinicnions extending heiglti zrc e-A-d with crme, alight Increasa
from 15.00 by 7.50 ioch to 0.0340 by 0.017 ii teitaio.Tin-walrrto o I-9l
Inch. Wilitary procurement iU in accordance haz : aluo beena made In brass and copeor-clad
with PMIL-W-85C, "'Auiilag, Wavegulde,5ceamn- stablaoss otcol to reouce3 wtight for l-Dng rwis

ien~ Rctagulr~"and Mhe requirements o hpor iea
therein are closely peiral-leleti by EIA Stand- ______

ard T1I-108A, Rlcmauntplar Waveguides.1 TAnteri.-c3. A variety Of canstruction terli-
The latter includer, t" -o rica ol rwAvouide nue rJm;azterials are r-cquired to cai-
sizes. Each series providev a continuous fre- compaso thin broad rainge of nizes and fie-
quency coverage that is dlopiaced in Ire- quencleca. In the middle-size ran-~ (IM3655
qutncy by liaL~f rg a wmveguide band from the, to M140) drawn tubing of alloyB of coppr

other series; that Is, the end points of the aluminum, ox magnesium arv very-poplar.
"A" aeries are the -ild--eoints of tho "B" Theo copper alloy known :.-, Con iairc'lal bran-ve

se Cs he milita ry servlcea have agreied that (90-pcrcenf coper, 10-pr Izn)hnga
when gdritlonai waregulde e12 -. i re3 required mechanil propertiea, is easy to nnl-er or
in the future. they will b4! E-olected 3rorn the braze, Is roaoonably corroso -esistaut, and

EIA Sardat;_ s not eubject to failure by seeson cracking.
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Table W-2- iec ae aveejca

Military Q~zting trnge ' ?Ox eiica "I P'e-e1G
ilomen- for T . mUode Wtdth Slagb rnvlkteaiO 'ie

Ciaturo reut gu (kMC) (a) .

I o~-ieoo~ou i~o-2.0

135/U 14010-"/70.0 0.0510 0.0255 *0.63 D2i Colo 0.1 X .~-

137/U 170,0-260.0 0.0430 0.0215 *0J1052O .0005 0 .C 3.6-4.. 0.2.7

139)/U ZM.-50 0.0 0.0170 *0D.00N1 .00 .~5512.A_10 0.

'There are no V,4 types Wn thio 3ite =Sog.

t H.-If the differeoce iketwee'i opposite ryvai at Rea rcd et aey cr zm
the longitudinial ais.

Oxygen-free high-cowductity copper (GHPC z Ccetuc w lh anoi alr b-31h _n ;2
has Inrcrease4 uve since it bas a lower Itial-, CJ wI a ihin grey prote-Oe film of hy rnL- 4

I attenuntion and a greater otability them comn- o,-M~o =An c enewiate which terr-e to potetec
muerclal bronze Oven when the latter Isn lvey .. rLh ga xietl fi.rthm Coroolou. Yo YCedu1e
plated. For enuunple, the attenuation od WI' rav~ilc Coxroaion In the riet
will vziO'cry let~u betveen .00 Ad 240 dbperhundre!d r tc'0elcreite fionfi, niuu'nm mly-
feet for oplr'~ copper, P.180 and 3.38 for biano g~on0 Sae noiiizcd end aligneaiwn Meui.Ieof)
and 2.44 "n 2.9~5 for Aurninutm. nho dLImrn ara U xtd 1,Y0.01 ;Ctdim dichromnatb eptill-je.
proceso for brao and copper tublag proiceo in ti.Ccoi .Xco Voh of1Octflcatioll ML-C-iW1l
eniooth tionporoun eurfacee with an attoaunttoa "Chrrncal Jillina for Ailumunid Asunlnism
very clooe to theoretlial tip to approalimnetely APloyp" and Sp ec iicntiou P.11L-0-317I "0Ytng
10 WCd. Silver Plating 01 brace coapnellm In netnM Ailloy, Proccov for coxrofloii Pro.-

effective In reducig Littenuation providedW Wh tte of," vvepoctively. Mtcr~or erincoo
aurfacco are buffed electropolished, o applie n1euh rccelti ddlffon coAigo ol Iryilte
mine porosity. iUnfortunately, wm)of ffo ol eroacaol, M cuordanco with the proceduroiia
silver corr aEtlla , oon producto &re poor dlelectrico oU0Irz In eclcioq iL --- 1607Y2 "~Fin-
aind rill caue an appreciable increaEe, fu L i or GroiAd Signlqtmn"Aun-
losses ao t frequency iW Increastd (that i non conotructiono nakie predomiinati fog, aizes

asth sindethmoe nearly sajmpmaciheo the Obv h 'jl0 tI ore economical in
thickneas of the corrosion lzar). A thisa there_ larger alico to conirueit the waregul .

'ileh oting of rl~xi, pallpdum or froru various U-Omp-cl eectiono or flat plaice
gold will minimize the effect of aging. Pla.ting txoi~ tO r , v~i nccount, o h n
on the Inter~or mirfgces of long fections of P-blI R to standardize on outeidedrI euen
w -vegulie tuig should be avoided 'as norm91 as Chox.'m in TAble 81-21.
counercial procesaee will rosult in ai timig
nonuniforin coating. While ixiaquate plating
thickneea can beachievtd with Intlrnal anodeso %Thero vninimuni atenuation iv regqutre6,
and a periodic reverve proccas, It is Pal CeotAl 011ver (90 Percet aivr 10 percen A
econorilcal for long lengtho of tubing, coppoyC') In3 un!ed for thq W.R62 oiie end nrailox'.1

Coin oliver may Coinprtne the entire thlc.,cnoe
Where weight i-s concerned, 23 alumInum of the nall or nerve an an inner laminating

alloy or FS-l =egrestumn alloy is iised. Both aterlal with an outor obout of inenonv
of these alloys w~ibt a high strength-to- ductile metal ouich ao hyenna 'The oKL--anily
weight ratio, ready availability, adaptabil-ltyto am,~ eae, RG- 135 to 139/U, must i~ Le'1varioun fabrication techniques, and reaaonnble trctformcd on highly polioehed precision mnin-
compromise of electrical characterider. dreliA to ansure that Interior ourfacee p
Magnevium Affords about a -40 porcent redur- ei-nch a mirrok -like finleb (nurface rough-
tion In weight and 28 pe,,rcent Increoace in aeso of lesa thsin 10 microinchoo rein). Colan
strength In compison to aluminum In W11112 silv-er iwurfacen apg poorly in a manner simn1llnr
eite. (40) to altrer ple.

so.

4A



Electrical Charateristico. Wm an The desired modo- by condutive or 2,-a ov
theoretical ;ittenuatiou 1n c'wpotier g arrlmnsa opeiatel7 situated a e ao
tabulated ini Table 8423 for etnadar wave- guido. One s"-h wm-segulde wit itorneji dl-.
quides operating in the dominant Knmde. The inennions of 0.740 by 0.1,10We ich rzto
yower rating is based onr a breakdoviviftngth successfully over Wh range of 10 to zR3 rxLje.
of air of 15 kv per-cm at normal ahzmsppierie it exibits an attenuation off 0.343 to 0.St5 0F
Pressure whih provides a saffety7 fctor of per meter and a power rating of 00 Oo 260

a about 4.. Figure 8-,R im o'n overal plot of how over this frequency range. Thio to npwd
these parameters vary w'- ravesytde di- mately equr-aIent ho the clizracteriatlco cd
menoions and permits an appromw.xtlin for the middle size of 'lhe four wvinguldso Et
those waveguldes no2 included in Tale L6-2- replaces.

increased band Yldths can We 22ldaved in Circular Waveguiao
rectangular waveguides by de)Argura from the
optimum aspect ratio of 2:1 at. some sncrifice Circular wavegui4en have not rceveLdth
in attenuation and pwer handling c4Wmcity, wide usage of rectangular j W noth
Two such waveguide"- shown in Table -24, past exept as part of yotai; Jolan off tx'sib
have an aspect ratin of 2-8:1 vWch serves tions which required circular o~mmetry.17fz-
to increase the freruency at whichn thr TEO, use is steadily Incressing, partlct~nrly In
mode can be inktited. Even bromek band light of the gr-eater interest la Gi.- higher, aRfl
widths can h-9 obtained In a "flat" uav&euid4P highery grequenciea. The proposed Eario of
by choosing the dimensions so that higher circuldar waveg-uide oaet vglc wors uhown
order -nodes of oaly flhe TRzo type? may in Table 8-.25 are taing 3'tm,.',)d1gcd jointly

11propagate. However, casre mus~t b3 L0Iwur in by EtA and the MMILtory Servicen. h~br oricti
*the design of components to 21voi eCuVpling5 ese g&de, the frequeancy ranga Ice infficnte6

to the other modes (TE2, and TE) which for the T-Ell and ITE01 mwo off% operati.
can C.,uge Uarge lonece and Cetsnkrr, dis- For eskch mode, t bnnd width ii; about X) to
tortion. Suchi wavegutdco, capable of aupprt- 35 percent; with reconcmended timito off o,~
log several modc-a, generally ntfilze moode eration between 1.15It f Wig -r g.2i, and
fliers to dissipatu the energy Ii h un- 1.21 TEej lo MI TE reepectively. RA

T Able 24-M-~erlrlcal Propexteo ol Rectanguor

V . ThoretleaI CW eW Ier
oe~nnc~ntirc FdLIal attenuatica rathng

nmnlh-o (alloy) (db/10o (t) (MW)

69nun 0.317-0.212 1.it

104/UL Brna 0,589-0.385 4. U-6.30

75/U Ahanilnusu 0.940-0.641i
AI iii 2.08-1.44 08O11

-9 /U Alumlrwn 1.77-1.22
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Ttmal S-25--Dimeri",m. TIersacco~, L-3 Freqtc7c Rafo~r 1lI~d CircnIar WY4~pjdl0

-ftgn10a TZ Lncer I -L (j&) ( 0= _ ( Va)IM~ & imil Um0)

W/C 255- 0.80-0.M0 0.311T-0.427 25.508o.20.5
WC2179-- 0.7VD-1.10 0.00.$W50 1.791 0I00 002

WC c 1 0-- .9sa-1.2 0.427-0.586 18.616 0.020 0.019
WC 1590- 1.1-1.51 0.500-0.630 15.903 0.015 0.016
we 1359- 1.28-1.77 0.580-0.003 13.585 0.015 0.014
WC I 6S1_. 1.8-2.07 0.600-0.92.9 11.408 0.010 0.012

V/ 92 .70-2.42 0.003-1.10 9.910 0.010 0.010
we WU1.7- 2.00-_2.83 0.91-3-1.39 0.470 V.a01 0.060 0.003 0.006 0.000
VIC 724- 2.41 -3.32 1.10-1.51 7M25 ".395 0.030 0.007 0..'j 8 0.007
we 813- 2.82-M-8 1.20-1.76 8.101 6.241 0.06 0.002 0.0W3 0.009
WC 528- 3.310-434 1.51-2.07 5.280 5.440 0.080 0.005 0.008 0.00*2
VC 451- 3.ZO-5."3 3.70-2.42 0.511 4.071 0.080 0.018 0.002 0.003
WC 506- 4.52.4.2 2.07-2.03 3.853 4.013 0.08 0.011 0.004 0.003
WC "9- 5.29-7.203 2.42-3.31 3.292 SAM5 0.080 0.003 0.0H0 0.003
-WC 281-- 6.l9-M5 2.0.3-3.U4 2.812 2.M42 0.065 0.002 O.034# 0.05
W/C 140-- 7.25-9.0 .-. 4 2.403 2.533 0.065 0.0035 j 0.00 0.000

we 175- 9!15-13.7 4.5FA-68. 2 1.750 1.13 0.0-31 0.0015 0.003 0.0015 1-3/4j
We i50-- 11.0-10.0 9.30-1.27 1.M0 1.600 ..~08 0.0015 0.0.33 0.0015 1-1I2
W/C 120.- _13.0-My. 0.21-.51 1.291 1.411 0.08 0.0013 P.002 0.0013 '-9/33
weC 109-- 19.9-21.0 7.2741.97 1.004 1.101 0.050 0.01 O.002 0.0011 1 -3/n3
W C 94 -- 18."-5.60 1.40-11.0 0.938 1.0W2 O.00 0.0005 0.003 0.030 15/181)We D0-- 21.0-30.1 0.97-13.7 0.797 0.151l 0.050 0.003 0.0015 0.0D0m 51/4
W VC ID-- 25.3-3-3.9 11.u-15.9 0.402 0.73 O.03 0.00M5 .M015 0.0007 11/16
W/C 59-- 2P.S-40.4 I13.4-18.4 0.6"4 0.6714 0.040 0.0000 0.001 0.0000 19/3,2
VIC 30- 4.0-40.0 15.-31.8 0.500 0. 5 r3 0.040 0.000 0.001 O..00 1,!2

4.We 44-- n9.0-54.5 1M2-16.9 0.433 0.513 0.060 0.000145 0.001 0.0.04 7/14
W/C 3N-- 48.4-W2. 21.2 -2). t 0.3111 0.49 4 03 55.00033M! 0.00i O.0004 Y/V
WC 2i-- 53173. .- 5.1 34. 021 0.21", p.m3 0.0003 0.001 0.0001 a 0/4§
W/C 23-- 5217.1 91.3-73.2 .2 0.28 0. 000 0.030 22.wl 0.001 0.0003 3/-4
W.Cc 5- C-.7-95.5 31.5-43.6 0.230 0.020 f).002 5 0.00 0.0031l 1/t
WC 22 VA91-2 38.4.49.s 0.210 0.95 .0 .009'010.0) .73

we 19--_._ Il 3A~& 0.18n 0.2a 6.029 0.00033 0.001 0.0(11007 3/10
W/C 17-- 1-12 44 .3.-3. 5 0.1732 9.212 0.010 0.000,23 '0.001 000001 Ia/6
W/C 34-- 12,-7 5M1.-18.8 0.141 0.111 9.2 .03 .003 0. 00005 9/64
W/C 13- 121 1 09.5-67.2. 0.123 91A51 0,015 0.00035 0.001 0.0000 1/,4
weC Ii- 15-1 37-9.7 0.380 8' 172 0.-13 0 Z:5 0010005 7/V3

We 9-- 1-250 9 8 51W 0.094 0.124 D.0is L.00033 0.001 0.000D01 3/71

10e0 : Oulsido eipc~ wall N~ckns4. rnd vikl.' acir. r &v 88 VC 02 &n ar(*r zi31- a!..Cs Hi h. 2a11c1-An eqiaetfew c agfi tiuLX creoae COo~anougly With LcM118ng ii--
corsluiat is 61 to 73 percent of recet,uilaz quency. F~or thro Lama fr,3quoncy regilon its

-bout 110 p-rcent (that of rectaniiar Yravc- that ol a I.ca~~~ -ud (Fig. 8-29),
guide. It is pi- ...ible to [)ropai3 731mult3 .e- The TR e1 mod-a povic-handlivg4 capacity 1P7
outily to lt'eni vmvea ..-:hose dlrrtkua ariproxini~tvly te g trrcnrtflua-

of ~~ ~ ~ ~ a ina~.alO 0OOh~ol8 n gi~e8 theT131io-,
circular gudo. This pr-operty can be pul to (Tblo 8-26). For thn amna frequ~Cncy cover-

.~ . dV217b&O in 1073 op2rlltion of ni crowave comn- age, the diameter of th-9 circular wavegult
rnunlcation relzyq :)0c11u8$0 a ainglle tr7l-_ in tho 'T modo mis bo kapt 0o abatt hulf
801849100 11133 can be uo-ld to the ectilver of thiat of the 'M 0 mode to eljiin~Ati the
imd tramiltter inten, Pnd In certai comn- TEI inodo 79hJch to very difficult to tnu-
p-onents wt-oge operation dapcindoon direc-tional preeni. BIkeauoo of theae advant. 1 , m,, 3lrtIn
polarization. Ihe extenit of rmitual eoi'plio(g in tho TECI mode becomeo tner-castngly suit-
bztween theii two wavea dcponida on Ui* able, parftilarly for the milluioer r-1Yglo

do~~~,reo~- of, -Upl-t oft-coel eton, where asize and dimenisional tolernce bocou)6
rehjcli must be carefully controlled. Pead-n very critical. Since theco is Pno ckirfnt flow

-. L1traflnittonil Ill-f glinpier to fabricate i along, the direction of the waveguide axizN,
ckr.8Ia gnleo '~~rati~ inuieTE ~Incd.3 Connectors, ltL~ly jolinti, ,in-d cran7

Ula L1a the T9,, moede, zbtsorbers are extremely simple to ma2ke,
Howeto any atyfiSnltrlcad distortiona or

Vile elI-uar mod huv tffi unique iecb;,ical impe rfcctiv in the wt'1,pfD0
perty ol an attenua~tion conEtant which de.- t~l~ raoohr8)45wihd tdme



100 s- rectangular guide. Either 2 single or ai

double ridge may be used, with configurationab

____-.electria,, peri-zmance of both typee3 i.0 very

4350 . Np niiar, but double-ridged WaVegude Is pre-
40 ferred for long tranomission lines since the

W ~ 40 depth of ridge is roughly half that of 2 single
o ~ ' >4.ridge. This makes It simpler to hold toler-
0 3romces on the ridge and to fabricate bends

and fleible coupnterparts. 7be igle-ridged

____ wavegulde is more practical for certain comn-

* Band Width. The addition of the ridge lowers
tecutoff frequency of '11 ftuidamental mode1 ~ ~ -wiftout having as large an effect on the higherf-.modes. There Is 2 wide range of theoretical

____ - -7 band uvidthe ponsible becauso of the almot
unlimited number of geome-tric -combinationD

9 ~- a~mlabe.The optimum ratio of ridge to wave -

J sulde width Isla) variea between 0,15$ and
- 3 ON k 1 .9- for single ridge, and 0.25 to 0.30 for

%i , double ridge for band widths up to 5. (5~0) Foi-
1' ( -this z/a- ratie, the m Axmum gap height willI iresult (or- the desired band width, and th e

I eutnt cross setion wull generally be aV compromise between the loweet attenuation
and greatent po~wer handlinig capabilities9. The1~ io~erodcutoff frcquency -lSO permits q More

10L.J ~ L .LAi l -. commact crosis sectioni and a lower wa-ve
10 20 3~040 60 80 0W lmpe-dace structure. (&eerug 8-30.) ~i

FREOUENCY, I(ILOhIEGACYCLES nieRdo Xaeue.Tro tpso

Ag 8 -2D. AtteomIIAttn ol rmc n,,jia1 and rI&A(c A cutC T-,N-ve twen used and ara
cirula waef~tdr I th n~i~mtsi .prtooed f(r staardir.2tlion. The first

is9 oft~ iuer eConstruction wih n

Outanqin~d a inth cetaguar u~e. 4:l. who6.e characterif-tics zre shown In Tibl--
(Thee vws orermo-es,~ T~ 1, ~ a-23. Thiso Increased barA w~idth in :seclired at

the cosg of Lncresoed zttenuation which in 1.
'i, or id, UmQ5 wt great asg a rectLanrular wnyeiguide

In 4,quqtadesipv3forr~os rplughen") fr ot the ridfo. nre i-)wnded to a rulnotmum radlu5
ay rbitrury arpglo oitif prooefit af 0 I(ecTal -2)topeen le i

deterrent to the u!;, of the ''~moda. (47,48) Grikw 0l :4ethbe c-8 ornervve hec trc
For very long lengthsj, however, mulftio 1.is aw~ut px enthtO varhr

OlW~)~ispracticil be caune a 1largi -per- 2.- p-e-n tht11- canua
ect2ag ol thao einergy in ,ill tho rnmo.iea jlo ~ ~ ~ u ecuctebehc will teoccur is G iro i tet~ n and

111o exa~iean oernre cpperjuoower
the eaieb.A xcy ertelwrfe

and o ay pil

ta,, eous In univer-'al test equipment and for
Vwdt-baial micrOW-ivo receivers of the cyta

it.rexel~ go Z Pa thwe vinqned Cond (4e&rti9)Trrnc

-mred to 2 ar dieleciric

ffidtd wave"Id~aaichevc roadband co;cial 11i:e of optimnum imipcedance for mj~ii

ridg, fom he entr u th brad ace of p%er c~apacity (,44 ohms), the i. .,;,d wave-



> .. Table 0-26-onparizon of CW Power Cz~lpa *.

Circular Wewgui

LIA , Peq~e~c' jCW break~- Frequny C ck-

(~,to~) ((, to f,) (f, o~ (f, ta f')

WC 240 -. - 7,25-9.98 2.0-&.0

WC 128 1-- ji3A-18.7~ 0.61.9A~

w 8.49-11.6 9,28-0.43 : .25.0 0141-,

we___59 13.4-WA. 0.120.19 29.3-40.4 0.14.2

VV C 3 3 21227 0.048-0.087 5 3.1-71.I 0 :4.12

WC 28 [28.3-3l.3 0.028-0.04,5 -

an[,& c~xhibitq beter perf mmace for La~
rr-1 an L-z wdth,; c4 a1Wn 4.0 -qnld 3.0 r&-

Table f--Crctrac of vipime txaively. FtgurO3 G-31 and 8-3 flustnv.te
Cicular Nlavegiidein T 1EMod su ho0tia yltsP t~d

frequtny tubing upitii wt

Tublo 3 8... N~b e m 0ro, (- nd V- !D-Rjdlu Wnuid,17'lfzcnd
OR) (in.)_ __ __ _

iv Ail~I~o l wditi
derfe vwitn )d wfl)

T5i7 F oz ~ ~ ~ i fk ifr.2 3TLh e
~~73.-~~~~5.0~B 0.8i2Sn~g 0.3'55, the~ .7.4010C05 .0 32

ti-a 1n w" ~ahl_~ eio lipoe,-

wv wr cin/te it
Tabe 928- Zxr -vnly vo~d an

Iy
r n7 at 31j77_j1~dli

b d ~ a8 r

0. 2 I 001



0~eq~n ~Dimendon- C2~2CMC

'A..2 8)00 0 1.000 1.00 0. 12 0.125 0.045 0.0 M
1.44M SAO 170 068 0.850 ___ 125 .1 .04 O;) j 1

-15-4.9 5 2.310 Mi50 0. 51 f 0.577 0.080 0.080 0,04 0.0123

S.00.-0,90 .A. @A1130 0.376 0.615 0.080 0.080 0,030 0.0n3
4.. 3.O1 .0 2 0.76 s.26 0.191 0.26 0.050 0.050 0.030 0.055

;01. .7,05 .47 0.1-1 0.25 0.050 0.060 0.030 0.05
9.0-22.0 0.590 20 0.Iuu 0.125 0.,040 0.025 0.025 0.140 0.116

21.5-41.5 0.340 0.A10 0.057 0.080 0,040 0.015 0.010 0.37 0.22
2W54.50.1 OR2 005 006 00-0 .00 0.010 0.24 .1

47011 0.1,11-6.0 0.160 0.083 0.038 0.0 2 0.040 0.008 0.007 .- .5
0.104-115 0.022 0.029 0.040 0.003 006 . 1

33.-15 0.0 .04 0.020 0.020 0,025 0.005 0.005 - 1.50

-~'ko -- 1.22 pecin Aec'onmica1 radio 3-20)'
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curren brod$-n o,?iutiadapifes dl AmgM-

Litl d. a _ _e _ _ alh o
zSI -s fi- -OI4-
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lineef4 (3d rectagula wavoguidee
- ei..1 ete Fig.l 21.t Attrardo toorig vzavelide odiu 50-etcevis

curntln brod-an orclthre and ramplifiers n. fleiblo ~outo i-asliodvco ta
(ittl Codoaa avaflabl of thse types~ld be.-ma' )cmttm'lmota

casedetg citri ad inl ireoios tible oaegelDe aren usypeto reout
*~~~~~m - - haso incu b in table 82n oa a of rgdretnua o icla r'igudt

ch a tvr igared nhwuin bee 3n m aa can 5 stratecpit ind a ~ trnaaioi li~r
factre inr quntt to) daeo vroytm.Te rcm usd : llcet ~-aton
seiilfr dobl-riged-m whgidh baa been which would r5equir,fe; ome beetle an;d tnlists,
adopllted by Aieratcai~o, oe,,is forcorn- enth (2) proid 0 itonarid cont-cttc- n koin-

* octoatethe r thei A 5-uld moaal be0 oqpoctd. anhd fzbratio it aensli hov devic-es , schas
(51) onsirctinsl deallo f ths wavguld ger, (4) conrnet atnnaeu, tatrcd

Inaracterglc nnar eoln i Tbl Coato. Ther andir (5)rvedeclexibl leod far tent ~
teinivues taej ru i , t-, limes theo-y moethor (0)h oem dificut taetalstic-a
Viretied for a-rluinu wh~u ich hax been porblm.ly am seploiqied i lo-ng~,-.
aribted tola havger-. rnrrfao l rouhnss2rundi lengths and aore manils' gpocuei n n
The rdge othe a wud ormaly be) e 1eced PAed aemice wihate flangs. r

ticW rlvcriical Pm i-oumedqrn g aat lacya and tachenot tniqu doare-
int geneal, ts r',ai, f-0Inh' t rWos,9 eoarucQtiO re.quiredet for c type of,2 flexi waof uldo,

theme for ria3dge edsa foytc pinlr thevo normlly cano beapleb heuer

Tuirace n he apdisane (d) r- 28, ' avgiAseblies zleoih7L

avaiable in certain clssi Iel-h !nd, l)rde Cniriin ~e~i t guidsayb
pretenions. laaeeOas eihe~r remat V noreoe-
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Fig 8-31 iW i-to ofI.- ZY- 0 PYM0-

'I A, _ _st _ _uU _

.0mla dubo ig. 8-31 ttieuatin one wavegne otl rm O-inn cemrplax4

I~~ I c-, M-do Li2?7 frn com-e t n~

murca br erbn oseetton 1zi tod emitiero. Laeydbles() e eguo t~ r-a

hpoave m not ean e etbihed n40or hav -e andof n-rIsvirctanua tor clnEcula doiwvoge *
the1a exotact~ a r dge al avof 7ivgulde x eu (4)at srtgcpoinin in trnmaniuatc m-4,

"J grar dI.o nI-ud-Tble-ridgndmosued Wtvegode haobeen A dch vuld equir coplieti mitxi

chara-crfleic aro shown In Table 8-30. Thes no (5) provide flexible lo-edB jr tcent eTzil y
Initial vaakes are roughly 2-1/2 tmes thee- Kz-writ or (0) overcome difficult initlatioa
rceical for 2-8 alumniur which hgo b-eon prublerna. They are iseldom requlre'6 in lontg
attibuted to hiciher nurfaco rouhnesso around iahoantd are custuoarily procutred in fin-
the ridge than would normally be exrocted. irvednLmmbUea with attachead flange&.Oe

&el flanges "11d aft:; K ment techniques art
In ri a1 mteral, fnihen, confuction c-etred for euch type og fle.,ible vavtxnhlea0

techniques, toleran23ces, and soon,nre bailcally together ith molded rubbeir jackets wjhich
the saean for ridged wuenies for the KeornodlMy cannot be app~lied byv tleorA

- rctangilar -aavegutdeeo previously diocused, gesjnral performance vp-cclficution, -9ILi-W7-
Tolerance on the -gap distance (d) to, peir- 227, "Wavuguide Assmnblies, 1ei leie

t -u1ry critical. Th1e zoini.ectorv used are at awibe-utI osne nepcsdtio

Z'the contact type only, but othorvulce are very xw~rmnsfor the greet majority at typems
similar to these for the rectangular w~va- inr nil Lo.~
guide. flexible rige wveuiden r sr

aivailzble In certain izos with mvelora-,t ridge Construction Flebl nguoemyh

prctn azns cL a Ttlier coa "A:2n or minresesat

V1



tfcularly useful in WgMO ifa roD aot nca
to A, foeeL fft is reativa~ greuibac inffeMfz~C
=1en hfns n VSW4A b#-v L05 vw -tho eaNLa

lrequency band. It hio an n~munoQ shZs

- conatructed by wisnda( v ery thin mektal

60.5 - ~ '~ srip opirally on a ret~taa 'dar formz Adacoiil

~ -kNcdc irped ndgefi are n-ft _I M 'red WhnLh-
0 Oz ~7aveguiee Is fle aed there 23 no allding of ;t.

0 ohmCosn' centturns, but & Aqeirj D1 each~ ladtvidan,

~~~. ~" "fe h eiug Is Czat tO tileI fia ~ov20hv per cm gquired length, are i. -2 ='
w,..L . j,,,j, -fuici th orelckl

4 5 -6 9 10 Vieveguide and rwn rbe -renned ; d!OTZ
FREQUENJCY, KfILOM1EGICYCLES eddtagrtr4re.ev ,ifi

more fra~4ie ",41 rc bea ti wted qz ,nW

\nivoguli, 1.0-obu coar~nl 11no, f- J red .Unodrecngilu. -t t*so
lar nmvegwde. S nodrdctunet'hztyo

construitio imi ~~h oldosd ~n
~rh nrw nat ype a 'batd voluted typ4 ecept 1that the crimnped do

volute, uneoidorecl convolute) or from thin- ben PC ol;rl a9 tha soVldered Variety, Lbut

vyall W'±big (facamleoo corrugzwd ox null- C i-o ct'itS
iofnt ienni), The reooant types conedet of Lh Ear- simitar to the nwii' tj wi&Ye,

4 ~ ~ ~ joso or vertebra construction. 'Thu oig- O3e
aificn enuisa of each ofthececonstr ctionz

tde- l 4. n-dmeas corru-td. Thin typ In con-
irindicated lmiov as, td lown in th-2 Cutwii y tui~oum~tt-'U amee

* s'ctiong of Fig. i3-3,& arcTeu-un mea tuld". it , 613 fab0c11,

~*,, .,fromn coft annoaled roypvr for usea as nhe~ci
-nelc(,! Thi -wudot wab

fplrzlly Y-Anoii-S F tiis, formed, oilvor-coatvi tOo MAIr~in f o frale itc0oSiOnf

breltip c ot aewn ro, oldti n prwidbndmr u ntrokdo
typ ofo uavemuid flexeeg ba "itu ofrtV varietny
mieoctin Owic edge figb t~vo pro'-~ A ~ v~tdtpsbt~ ~ n n rsivo delrec trican h- -:ftf! & w iitho %Aiu
clectria coetrihet, copressedra&.1 nt benor Ual upid mor rha sctons~k o rtyof wze.voThed foredc by virue ofn vu o aitinoltidy}iI rrnlatrd nh

Proer jen1gtbma sd coneectora arc foldere'd RG-48 V~ 52/Il wnvevulie sjzea' It Is fornmed<
on. A rubber jiacvt,, rnokecd over the surface fo w -hpdhlso tmpne

of ue etir ~asem~ly prvids pneuk~--- ervllium coppor, zoelaroed planrg the2 midpoint
tion featurens, offern coiieidorabis prolection of Whe narrow wallIs. Bi caaeit a rclatively

to ~ ~ ~ ~ ~ ~ ~ o th otlubgadIcessi ih-p beonde3 but nt~igible tiint anxd ex-N som~~~nbly life for rvpeated flexiaga.r Fur specl tnino rmral L l l ndrrpae

fle-.ig can bW groatly Whaproved by annealing
*f"NIO -~O-Ae~~--rs1 kct~c~ Pforethi bery~Iarn cojjyar i8 Mbedeaired directiom

ci Sc1~ Oo-hl-t~gedV/ae~ildOof bend, prioi to motding of the rubb.er jacket-.

punci 400 1 .280 hTJ at 937 ..C 5. NulU- 1 olnt oseam oF 2.zAAl n 'a.q t T a s-z

A t t o n v t k ~ , d b / t j.4 7 A t o fo r mn a r e t n i i g- c l t ,e t j j b ,: jl ; I Wa
caiisor belw.T~1~s-u nlocated
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bI ob-,e with pohot see Varleb&at ztitkttoe&RcmrC3

pi -ol " c

IJILI th-nog-41i~l1,tc t

in thes Cenlario of Th mi rg-uectiosal vqHe~r.'h ledkscke nt
1 diLrmso and rcione effe to pide troeot- Mo. radial-' .t a o ftzta~

01 vsld conthur. FothetubingIZA iterlinotallic fomingo fo&: iriow,(tarLten6c cnlurs Ox ot
(silver ~ ~ , inne lacet badorild na thrI ad~ roqnit'ws st cotaiin al rcztej'l

plated brone. Trio -- ehe electrica lipoot aut tioeo eaeuia Any~dnc nmb tch of tit l -beM
Za aoo as ny rbof 141oe l,4ogathl wave can b tced poetera1 to nchk-gEm
IdeI n avai rclable (up all 3Jr -3 ;tno itd can wavalde.n Tia type I Aut te MeSh qLas

beobt aned wh~y1 or wito atberndedit c arn- t e tSt-Antf A He=-i comete *!a, I y

6.Veteba in ph Enint es f number z frquniers 4hen thepwreuni beo C6ev7 t
ofon he-aovor Inl hd ainalygnment stetche wos It norhml piM ton. t1 R

lizij o/ f wa edji aparten a aoecral enir oven wrsie orneha of the reen-ae e yes
Aacent lcql are supa~ancd apper ontcony itle @crWa, Ohver tn. h trv;
numberon of suchajuctl iii uat~npyd Thichv- fail muvevddeo B aproie tphe1 o n ic-aiN

mic osbl h caildto of reiitn vsaguide mal kh t& Vthy argi w, e-z uc,
5 I fhr all -untog nhreb kee Iag the ovr ae lhuhtm duhet z'-I

'~' ll SXV emal. or reserled apl~ctios, odefr irre-da oetus thege.2o
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Ronat equal to, and4 1,0 come CaM.es me04, Th2e bolistic tys)os have been uo.-d plmrl~y
Mhat c4 rigid wgvcgufia althoug-h data anv 8cr narrow-yzrzl operation (6 pircent) ad
ver3y limited. Typical Ohrceitc n Ibe their power levetlo slmited b h bre*4knn
coldered convolute typ are shownl in Ttle which OCCursa acrozs the0 rettgular openings

~ n opaal at nohe r2ame between the r-cadio. They are difficlt h,
gontaiued Jr. Referev M:, £uamdactn, are need t,3okort sections, ad

Resonnt tpes re nith mre gnerally are limited to tnterWa applicetlow,

I% %-AM regard to band width and poeapability.
hAe vertebra type4 Is the moot versatlo hx orenlvrsy4~al lxl

'nachanically, am, bas been used widely in vwesitde bel cetAndn constructions age more
medium and small sie R-d hog 3/) utble for aocifi typas of loading aig Shoa -

Da d..width limitatloml bave been overcme hr4 Table 8-.3L ldovever, the properties el
on more recent designs. (53) A VB3WR of 1.1 flaelle wayeguide vary iely accorin to
or less is possible over a% 40-percent Ire- the metal employed4, Itsl thickness and temper,I uency banid for fie vertebra wavegntdo An the as well at, with the Composition Wnd contour c2
placement which can ha tolerated waou the manufacturers should be consulted fog
signilficant increaseo of the ygwyR are thir roccnunendstlont,

- - I I~Un jAackeled flexible I" vde hol
waveu51 e I ar rot.Atie be used In "i.,bns vdzer unstain"ed e7QOSurcO

Sz(in.) 44eg) to molatu re, : UI cprsy, or similar atos-
T044 0.000c co0800mt wilcrrd1h su~Honz Nepeto arl Iba akt00-40/U 0.411 ID.411 2Sns epeeo atrlrbe akt

RGI 21 0.200 J 0.20 211 4erve to protect to sams and Improv.. thirI Thi~a£7-SI -. 'Propetlea o flexibwlty. 'Oae jacket Cotaryousd Rmut
T- Q 3-3 -1 pertegd ,e Conxivolute Flt'ro-e, ivgn

Ulkrur bending rsad& -

I ~ ____ - natisiova'On.

moldd nr~d tmb/t10 /10H rating pir'ca'roI lIasembly 0(,W) (PDOt

-Inside3 Outside Cla

1$i00 IS.6O 27 ill fl-OVift 2.U0 0.10 10 1

4.3w0 4.46D IS 11. 1/2 iT-0 1.4 - . 8.0 20
X 2.150 X 2310 12 5-3/-4

.4 72.&40 3.000 14 9 15734S/U OMO3 1.5 2.0 $
X 1.340 x 150 7 4-1/2

L.812 2.00 CM ai 5 -45/ti 0.332 2.0 1.0 33
xO.3,12 x LOW0 0 2 -1/^PIt1. 3V 1.500 5 S-1/4 0-SO/0 0.2M0 432 0.30

IlA 1 O22 .5 31 2  2-1/4 R0-51/v .2 S.7 .)jiI'0.497 OM@05 1-3/4 1-142
O.0 .~ 0-20 1012 9.0 0.21 GO

x0.400 0,500 1-1/2 a
.~10.622 0. 702 S 2 a 009I1 0,053 15.0 0.20 £0

x 0.311 x 0.391 1-1/2 1
0v42 0.0 .-/3-22 0-Sl 050 5.00 0 0C

x ' 0,170 x 0.250 1-1/4 3/A

'0.140 x 0220 1-1/4 .3/4 ____ ___ ___-

.4. 7)Sip~



Table 8-32-1Mehaalca Properateo of Flexible Wawegukdee

sheui sap~arp lroOa
Slattc defor nftac

Inloked x_ _ x__ _ _ _ ___ _ _ _ _ _

Snoldered __ __ _ __ _ __ _ _ _ _

Reoonat typleAs

. Repeated deformatinTi

Inerlcked 71115

convoluteX
Null -point azam J____ _____

renlrA onibrittlernent nnd mrentual cracking rapidly i the proseweei of ziny corronilon
uinder tho delete rious 1agoing Zffecta of zaat product or mchanclh lelino h
light tand olewatT-d texnperaturen. mating facen wn would normtally b-9 enc-oun-

te red in miflitary unge. A thin epring-fingor
metal gmuket vwan devised to fit betwoen the

WaveuidoCouling flngeeand eeu-e cntat at the ineldo

Wavenid copli~a ~n ~ goupd ~ perphery. A reduction and uniformity of VS%!R
toogenralelauen cotac cop~ne ad U achieved ao ohown In TF- 8-35, but tho
chok coplige.A cn~c cop~iconlrlaof coupling iW nt px-ieurizaWO and io MML'at~

Otok fula i, enc oiodeldrbae Internal usn. EffecU~c operaiuon of the
t~ te ed o thewavguie, ad tuedapring ftngorfj ftennds upon very good align-.
~ethr am ehon ! Fig ~-3. Te waegul r mnt of the fingerfa andl p-enent tr'mdo aro

tubing; generally oxtenda through the flalge nd fomUirute
ion machined flutilh xili it after aernembly. Ille

-~n e srv must be clean, free from cor- Fr naTeeuaeip o ot
rolo, ndacurtey achined to asauro flange varI2It vilth wavepmido slze. In tho

1,jiiliat contact aRroind the Inner periphery of very 0anial alco, from i-'lto 99/U, a
ill< v.a;vegu-de opening when the coupling W~ circular flngo in use with four special
noermbled-. IectCUiofle from 2 'lew, w4- captive ecrewo and two pinz for alignmont
r"Zde coupling can be kep blow a VSWII of purpoen Squzre Mln . with dile holeB

1.01. over, this portox'mancc cieterloratn at the (our cortiers ar4 uoedfrorn the !IG-61/17

-'2



4 TYPICAL CHIOKE COUPLO(3

TYPICAL C01I97TACT COUPLOK-3

to Vd ncluing the Ra-/ OL;'v fthii juctoI ort- bro~ng hf-iit trans-.
nal crvenscovor flWIeB incio' coupling. :nia~jlon Una Im Antoaued ,~C2It preoentho a8o

For larger Olzen the Contact flangooic Impdance to %f) uoiain line. 11wourquqrtr*
rectangular, w~ith~ provisioni for seaIing gm..3-v~ng ~ cIV irA u-uay in the form of 4
ftete. A new ncorioo of pkt'cdinfon miniatuj-o coripleto reulnr groove, for simp~licity ofun-etr~fU1Iyvd contaQct flhngeti In the ntze rain%.e Tzifnlecturv. Tho %rswlI ol i broadbanpd chokceof VR~?0(RG!~2/) ~eWR24 (R-4 ~ .,, ouplIn5 can bv Ikept to 1.02 oveor the frt-
his bee recently estnabtee uder EIA quen'. Vag m ci C-5 he guldo. '1h1e VLWR U I!'!-
Stand-u-cl RS-1130. 'Thes ame Intended fos affected~ e aec~liaadx~dr
Internal equipmcn . tereo m~s where mc- ilann itho R piae or H plaz?,

clJnicajtrewieo on the couplingnar light although -.r4-ulvr mopnailganent alould benoe VMR of a coupling can be icept as low avoided. For ex~ernlep 2 linear mInolgnmentan 1.003 by the uso of opa-del drilling jige of 0.00 ixveh ran bo tol'ketod InI eitherafter the flange blank han bve ascembied to~ direetion for ie iVJ-U/U (1 by 1/2 inch)veU ude viaguida. Re miacot, oharp vornerio, or

0-ko CouplinfU. Thea choke couplI'g is introance hlih local usoltvpe streocom aifi-

Pnecesnary for I a flange fares to xneko contzzci particularly tn-on'e In the presei~nco ofat T Vi waveule anr 3-1) At to: m higherl k'roicta iUs, foker to oa o
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a ___ ~L UG-52A U+U~s/W)

oI nta OPI

1-REQUENCY, X(ILMEC-rLL-S

yu fl.35.,M g[ oi' Vroi wavogmea CC(~r1kW 9.31? oR 2G".U/U

hnrole aosbevgdes -.s n pd C01191Lngo, And zle"tIe on theM~j

for the third hnrmo-aic 9 22 mreq w-) 'posatbla gadIt (NIS) dhoetso d4iry tregvW
hI the tvaveguidn. The elkk rc;Zon can Table .-S33 giveo a Uisleg G9 the ~fr~
resonatp with one or Moe0 vmodko, or flawkie recoimmerdd for MiLMtory Iugao

can be additive to produce a bhigh local 9i0ld ~ cf n~n
strenglh. Tow higth power applicaion, the

* tOion of the cholce groo~ve -,Aici fxbteade tho a blo 0-24 koven n brief rumaxry c-( bie
narrow lace o the ractai~'.lsxr T3dgd eoldbe- contento of oveorn! of t iiltitnry rspc-alft-

I omitted or filled (olugg4d tos reducs higher cationc covorIng Ymveguide, flangee,, ceirmx-
mode ~ ~ ~ ~ ~ ~ n ozlnin lnaI'hor fittlnkfm

Choke coupfiioaeprcta rh a
~~iio 8tO rage fom G-48 to 91/U. Squ;are O EVlONliTN

flalge av eerrd n te ma~er ine, nd TPANSM-S&KlOItN LiW±. AMU WAVEGUIDE0
L circuloare .flm rr in th la mrger lenireco n-

&eerve ripace anid vweight. Choke f~~,nare not IdOo vnic or-Wrma
tarocelicul for theo eail waveimidr-o used in the vnve~itidu, Wm in ll copnents, amO di-

millimeter region due to the Cue am rdyrltdtotniaellooMI hL

mAd for the proeper algmei cd ilmzg All tivcly few, tYP313 Of "mntsriai, In tybAvo
beenn C adtxv U19 0 s tbrnP3 ITZ Z Zrflb-r r

top.-vi a wateproof adprvesmii .abloea ipleet.Tetlomto htflO
wihcen mate-d Willy a fcover flYrn 0 iost Of tile ittemapts to point out. uome of the ovor~Ifl

~tannrdnoctoneouchn~ neml, cn~'en, aue c-ieterforstion Of performanoa, and

tvintB, and moettoal jolntv are preotdAd with gu,ggcstetd relncio ,wher-a pozible,
achom-a flange on one end end cover flange

On the Other. Tomrnpraur

P-a' ii~ q u~ t~ e m a fo rn llte y t ?nzk a le T em li-s r etilrt effocts f ill Into tw o c o- ogo.-

ta~a~i n Sifiatio DAL~F.3422 rlie: cwn ges in perfor meadln-
and Afisoctatfed .Fitilngs fo~r pRzfctangull ar o deterioration. The moat vpparxant chapge will

bo the rzriation u atnu~ition values as the
Afoe ieeI a ii ciI a reolotlyity of ehe conductorn incrones or d3-

ntmMspdt~c~iy o ate vwie i dwk ct nge 47Mcree I-proxfIlly With teMpOrratllr, ah
7T, o cover ft ~i0  will Provide R-11 eae~ud ofilcto ellv' r

ctcicoupling, bail not rx.-~co&ariy oi UaNa i- with afa achi material, betn a2yroxtintaiT, L.
muu 3lze or optimumn pzrlorn moo. iecf er diegree C for epe.Tee-



For Uwe with TIOWY'

UG- Sq./UO Cc-Met (4gasfet) oprIU. e1wUCn

Ugjcd1 A/Uo Lc-c (+S~t Almium_____u OOC
CoCen3lo R-12Ucna

UC-lAdw CG-113c coaftc4-

( ( gaslit) rM 4

N&P

UG4-9/U cma- (gowot l Alloy
uc-52,'t, Icch~ o~ _____ __

U139/ CWI.'D (. 'ot 3U MsawU

coI Ccwa lly I" 5
Coj~ct(*gunCHGj~k/

JO~U~fC~.~tb~"3~t~aCtf12Ctjrnto~.1r ~~~ied ii1o

ChOL 9 -.gukv
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~ j NumIbar and titio
L1F-w.-SJC, Tubaq, WnvG- Qeriran ft~' or elk

guldo Seamless, Rectanar." adriz c reiaje wava.

VRL-W_237, "WaveguideAnm Satzi sCIo g rtefe P

S~lteaio.:doltdl reqaireomatzl Io n
E i~ 61 1 type of, iaegidde.

YRI-Y3P22aUFlang ea and Generrl ipcfcatlon for zU

d~ocated Fittings for .? a3va ex~cept for
Coupizi,." type.

IIiL-W-IHU8(Shipo), "Wave- 3sailt rerimmemmts for
guiden ilG-l64XII/ thinval ve oiof the R-0

vavo~uld&e

ftromete, due to the large difference In iml solid coltin MAth cope after ouctained cs4-
OSPIMoa rztve Deivicon the metsg and the pesur At CMI) C CodWCOen PTIngCONte
thormoplnstle iuat-riaia, pirticilarly for mayxfero/ Prozreivoly loqo the'ir teasile
&alid dielectric cabloo. At olevvated tempera- streqgth /dusctility, 2nd tlexibility. A similar
tum'4 h dinloctrne io rooti-alned radi-Aly, amnbrit nnt will also occur tAth an file
tut undergooF aN_- ArrovoroF,1o cold flow In elsRio n lastic Jacketing Mierkdta
thei nxtal direction. Any residual proccos This rgVfii bacome evident by aq rnpid lones ol
etranis alro itn to be relfieved at the highesr pliability nz oub-rnero ten -raturoc, fnmi ulti-

- --- teorirture, conributing to dimensional nu~to aaerlrg en
cheuge. When totmperature is subset-

qt~zty reduc-zed, a brorea 1111chanicali fit Can flue to tnral ondtlon the dissipation
~ ~ioccur and m. rkoit reduce the corona limit, factmi of most diePlectrice increasesDE with

ved chan-ge tha characteristic Impedance tMe at -n rate Maet Is temporaituro dependonL
slightly. Itue ogfeceto exroc. morv pronounce.d I acklition, yolyethylene h,29 a chemical af i-
in a cable as theo fin, bra~d wires can be ox- Ity for alme OA tie oltil plasticiare ned
panded be-Yond- their oelastic limit. Yf tho onte'r in Vinyl jackJetg, whiJch CauU-93 verIy I P- "c-e

overings, -u i l asse fiber or st-col chne n isption factor. 6pacial " non-
mrid, exert greater constraint, the longituell- otdiztn"~n1jcesms uedto

nal expanaio& Lnay 1, auffirient in zhort mantin Rhutontbityor enp-
leegths of !%?roibAnd long lengths of poly- rinds of lime. 'eflon ir, not a-ffected by Laeh
ethylene dielectric cables to causea connoctors gig
to malfunctiai or oven bacome dislodge.
114comnmcnded uyper temperature lritsi fok 0ri, 11 ad liunulty
oolid dielectric cables skhould be care-fully__
-Mic-rved to oi ahintzeruch Plastic flow Which Variaitionu in pu-esfuit-c and 1humidity will
ig greatly incrareud near the softening point i.ioct permissible voltero and powear rating
in long runs of rigid coaiafil lines or wave- of tranorniffobon linac. The, mechanismie con-

.1 uldes, provision e-hoixld be made for a olidlrg trolling cleetr~c breahdov-m depund up n gaa
or flexible uection to compenait for loogitu- dennity which varies di rectly with t haprecamftre
dini exprasin ard contra ction, and inversey a3 thie abcolute temperature.

Curvva are Avaflfnble Whi1ch relate prefnsuro
P-Wtral chemnical changen- ar" also greatly And temnpcrature txu altihide and permit cor-

accelerate ilen the mti Ateri'alv ara, ma1,in- reotlon ohi tho inxijY''n electric liahl
taijied at an elricatcd tempoerature. Metallic strength..Th coroia lCVL ,f colid dielectric
naurfacera combine moro ruadily at high tem- cablors icquires theo sme correction dabi for

*iperalure with An-,osphoric garsei and vein- Raiftained periodn of hiGh altitude oporatio:2.
za tiles given off frolnm othe rrouridig organic Ga.seouo diffusion takes place throughi the

n'tru(OM' nnIpO, oulphur froa rubbeir -jacket and theQ dielectric no as3 to eventually
oT chiinrinoe frog) piyvinyl chloride). illver equallzo the internal prtnsure with that of theo

oltry n Vire have b-nen foundJ to go Into aurreunraie atospfwrv. To overcorno 1IheLv

k Al.



1imitations. ard to Mininfr corrosion, fame fumnes ouch- as sulphur, hyt". egen oiphide, 09,
Anominal pmorizatlon io emiployed in almost carbon monoxide, which formn elee.-rolytes In

articul;Atc coaxial lines. For high-~power ap- ver alloy mnaterials ar* least affucted andi
9llcationD tthe Inte~rnal pressure lo increased aluminuta and magnesium alloyo ar ost af~

due stilfeafn'g or rupture of the flelble WaOve- metal or ox1ide coatingo used in the interio.T

quide. surfacez must have gcod elctrcid condue-
tivity. Klowever, the former zn,, too costly

The densit of the aarrovisaiig air also de.- and the latter are mcebanically inadequate
j termines tha ability of the line or cable to for external use withoul zdditlonal protectioiL

dissipate h"~a from the cuter ourface by con- An atppropriate two-coat paint system should
vection. At cez lavel, convection accounts for be used in accordance with the procedures ofl
virtually a0 the heat dissipated, and hence MMh-F-14071. "Finilshes fb-y, Ground Signal
determines %ve thermal po~wer rating. Suchi Equlprnent."* Direct contact of dissimilarI
ratings masl Ira severely reduced, due to the metals wvidely displaced in the galvanic

tudes, unlese provision can b- made for re-~ braes flanges, muat be avoided. Where there
moval of hw by radiation or conduction. F~or Is no alternatives, both aurfaces rhust be given
eXAMple. log Teflon cables the ratio of the a final plating of the aame material; or a
_wwer at tea 2evel to that at 2ny other altitude separator of an Inert material mt.. vce
is equal to the ratio of the presoures ralzed to prevent elcrr bnclaction.

to~~~ teO2 Cable jacknt materials, are quite resistant

Relative hemidity to of Mitte concern sinca to All forms of atmo&spheric covroslo.' sAr
mos Ptromininlf esst r sealed fungi attack encountered in external locatlon -.

and the dielectric muaterimln commonly utsed Thiey arv capable of ona to three yeza of dl-
ar wnhygrce:;opic. Certainw elements of the rect soll burial with only alight attack by the

oystem (for example, ntensa feeds and sea- mlcro.-organias in the coil Howrever, these
ing windoys) will at timeso he oubjectf., o a mratrials may suffer deeterioua effects from
combination of high humidity and temperature the oils, gaoinrslvento, or hydraulic
sufficient to cat, s'-ondeasgation of moisture fluids norm9lly encounteored biicalvhc
on the auxroczd surfaces and posilblo are. ular, or ground ineatlaIEonz in which they tlre
over-. Arc-r"-,istant nifterialo which do ncot used 1ho vinyl malierialo ara most revsistantA
carbonize, for examplo Teflon. glann, or to these chormicna wile tha, rubbor xnatert-
glayzed ceramica, should be used- for theese als, vilth thle exception of ncoprene, will allI applicatiom. swvll and softeni on proikngod eapsura. SiW-

con@ rubijei 16 particularly poor in the pros-
Atmospherie CentAimi'tnts once of gaeoline. toi- i the only nwgterial

resistant to Lhe effect od fuming nitric P~d
Preautonsare require(? 1v the Inatailation

and in pcempzg neh.c. ton of finifhos for vx-
posed mnetallic linesi and flitings to exten Mchnia Xacor
their usoful life. Direct nloil burial or loca- Rgdlnaadcbn r at u~d
tions -w rhe-re ourfiace vwater cannot drain ouz adcnwtendnra il adigwt
frcely should he avoided. Vertical runs of afwsilepcutue.Ln xiclrn
unsealed tub'Lng should provilder, "wecp' hudb upre proial ornv
hole at the lowest point In the line for the iu-Wsporepoocalto" v

-drAinngu o! any accumuaen eitr hk larly for cbecn~tr lbcrilaf-
watr cn acumlat intherecsse ofthe couplIng ringa. Sittic compres"son will caow~ier an ccuulae i Li-, ect5so ofthe a semipermanient de--forreontion (that is, cold
chce rove Te untios f abe ssm- flow) of the thermoplas1tic dielectric and

bilesi Bhould beprotected by a conformail Jce acil.Ti osrcin
virapping of pressure-sensitiyr vinyl or self- cosscincne oeo eln '~
sealing rvibber tape where ffhe connectorf3 are ilrdCSa diinlVV~a b ose
to be imetallc-d uuderground oi In ainy exposed- In4csa diinlVSI tU0cne-

loctio werethre s o nedLc reuen tor Junction. F~or air fs ace.d czbis, An auxili- Fd
ary dielectric snupport e-ould be3 used to aup.,

41", -ln~ port the conductor at the con~cto.

IMetale arc' sus'ceptibole to cerectrolytlc ens- "'NAVF4IIPS 900-171, Qli,-ter 11i, contAMIgso 4~
roe 28 a result of salt epray, or chemnical palntlng psvcvrdurcv employed by the Navy.
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te raoii of utatie should be kept as is, the prccluct of the dore y imA anbhetlarge as possible during installaition, ac sharp duration at that rate) are, considerably differ-
1 1bends In cables introduice mechanical stress eat. The extent of damage oustLMneil by any4 jIon the jaclket an;d, to a lesser degree, on the particular component 'vill do vend on Ito

dlielectric. Thoece troev- s greatly accelei-ate chemical compoetioN~ Size Ctl! do~eae,
the cracking od the jaciact in the presence oi ua dose rate.
ultraviolet rays in sunlight, and atmospheric

4once of coron. Thle center conductor tends to blast are very limited andl of a highy clans-
migrate outward and has 'been known to short fied nature. However, extdensive evaun'Jon
circuit to the braid under extremes of tern- has been unce rtakeni of tbo effect of rzdiot. )a
perature cycling. Thick scctioste of. low me- on materials reqvired for electrontc lWet e-
leculAr weight polyethylene also rupture in mentation and control of at lear reactor.
contact with certain common eoapo, greases, The correlation of such data on mateial
alcohols, and solvents when subjected to a bi- Itt )Uwntltitlvu performan-ce is lacking, bu.t

ana'tes l hs hmcal reactions in- a brie, li1scussion of the beaio fth a
4crease) rapidly wiith temperature, Wherever teriale in common use to considered tinely.

'~ I possible, right-angle fillings should bhe used -nconroiity toaraco -oe, e0-
to eimiete harp beds.tremely high intensities of fast neutroDn and

CozAl cables9 have been designed prima- gmardain r mte vrasd
rily to pRi reeling and unreeling rather ees ocrm h umr hedaon

th)an for any co ntinuou flexuro of twisting, the reaqctr '.ill convert the fasot neto eto
the cable should be Installed oo that the Inest byafco iO osO ule

ga ma radatin i rzere by a foetor ofradius of bend changesn la one direction only, 102 to 1o0 eon4h.scnar ieliarather thnundergoingiareversal. All cables
silffen at tear? temperature-s; the plasftic male- dcinefcsaen~iihe
rIals, much mores rapidly than the elasetomnerie o~tale or their alloys r leasqt affitted.4 mate rials.. Cables stored at sub-ero temper- aind, althotugh someo ri-zilozctiva isotop-o n mystun-on should. be warmed prior to bonding, b-o formed, they rm generally of short life.because the forces i.nvolved become very Some small1 changefa in the mechuocal Dad

highendcan ano crcking of the jacket, electrical properties of metals0 hae been
l~nd-: entnnias lexre r tistngthe observes over the region of Iatex-oct but

braid will lose uA reduce the corona ( nrlyte r LFor OR-
levelt, ail also canesc erriffc attenuation at tnrlyte r n- AnfI on
the higher ficquencie. In modrattwsig toicae tSp-enatT ad20pr
the braids will usually fail first aliter about C10,000 cycica duo to the hihdgree of li-- cn t-0 .CranmtlabaVZ% boron andi cadmium, have a gre~at nenirn-;A idea they rec I I ecomparotively stiller affinity and hence their almofrn-n1i7 anM C%-
Plastic cables.Vor pi-edornlnant fiexurs, the cellent shield against Itermal neu tr-nset a.s-

a ~~~~~~t-sine flexibility is cla.si -red, sp cia onntruc lg otlgo ipeani fth-etsetion of he ' -' brid linlr In a binder such aspolyethiylene,ar
tin3c4teliaP- conauctor a-da id Osuat b-t6 used for protective pIpss Lea nused As well no very ela.stic dielectrIcs. tsae r sdt bobgnaiae

Solid iheath cabl itould be fastened in a Plastics ani slanFtoiners tend to acorn-ilmanner oo asn to miniize aniy vibration. All pouo or cros3s link '-mdcc sustained nuclear---Athe ductile- materials will 'sock harder and radiation. In th.-: crues-linkig processr, mite-
eventually crack due to cyclic stres. rials such a e>oiyethylene , polystyrene, nyo-

neoprene, ad lilirentne becomne meore rtgtid,
Nuclea-r RAiatla2 brittle, and therinontztdc. In fact, a limited

-- amount of raditio~n improaves tihe vpper tern-
-IThe type ad Intensity of nuclear rAiation peraturvi limi of p-lyeLiylen-o, and mac-h nn-

will vary greatIly with thec nature of the terisis thait decomiposeL to the ronsenor
gource, the dlet,ae- from the source, vnd the othcr dg-r 1 tion prv&es-ta are polyvrinyl

durtin f te xpsure.- Thefetswhch chloride, butyl rubber, l- sand Th, orL
t-c plce ined-Atel1y, uhas ien exp.lo- Telo, hch h as extensive us-s, as a micro-

sinar afulicilon of the rAdiation flux or wave dielectric, Is pAr-ticudorls poor and~ Its
-dose, rate."'tree-lv effectts easer-ied( uus-n u3t beo avoied winnre un!7hieldeci rn-din-

with itec total iAbs-gr-ated done absorbed (that lion is; present for extende-d porlocim cf tnne,

323



d Ioxtnn e aterials such ast ccx smica, con- Follo-w recommended asoombiy irntruc-tices z
arnie oxide, and czrbid~s are superior in penr- for coawdii! cabie connrectors to Pa1311 PXW~r9formanco to the organic materialo indicatcfl YSWR and voltage rtthflg during ",ern-ltiaa.
:above. They can be ui ;, so rigid dielectrics >

or as fillero in the flexible organic meerinls Select items Well Withda their (Oleetin-d 1.A
to over come some L olf heir linti tatiow, pa~es-~ therinal rallaga.
once 55 is the most' como-rehensive and- intact
lsting on the effects of s Wiiat~on on the Prop- Use stragneners and OOmCiai benRdirg W02 I
ortas of inorgnitc and organic materials, for the proper istallatiou, of solallcefctbg1

AND DIZASDon't permit ca-ble to be sto)redi or i6Insald

Carefuly glasipaive tubes or rsnletorui, steam or ox-'
,idsmlrfore~gn particles prior to assejnt- nttpps

bly-clea-nlinss should be observed In all Do'0sebecbe9wt ansu n

Ida dielectric without discarding the firsat,% toj ~~~Seal the enO3 ol ail lines and cables during nhsaddyn teed hruhy
storage to prevent the ingress of moisture or
di rt;- prot ec t them frotr dents or- bruisesn Dn' eer e7cshefre ntgtnn
can cause latent operating7 defect. fittings centalninge rubber or plasti c as_ yermvs-
V neat deformation 'cAll result; occaicei t

Prvd a ieou&: numiber of ga s iaervic- reQtitenuiarlcrc
'gVents gcr free ctrcalation ill pressurized iipeerd

~~~~~ ~3 systemo; check for leAn~periodicaily and ma Ke o' pcf Ple deeti als(
sure tit he aeISUnailifier Is operating asL- ce pt in miniature Olsen) unles-s the mubie!rri.

~ratcl. tnieramure, or pos, er ratings, ezcesd ill-s
o-1'a -Jlcsfor, poly ethyl ene,

Avoid beadlng ravdii smaller than, ten times
the diameter (if the cabl _i provie suffi- Don't forc lxbewvcgic eos thzi
cleait stack for- she-k nom equionpmcal; use,. natural 'sotop" poiin :ontact will h3 brc&m
stra.in relilef on connnctoxs where flexi le in te guiode or at tie mago

tot-s to r.ckV-thcy crack easily.

Separzte or shiald cabies, operlof zz at lots Dntsbetcrmcisr us (xC

~owe levls rom hos cssyir r-f r Dn't apy more heat than necessary In11
con-tro power to minmize? inter, ii a. u-oldorlng, brnft1g, or rielding conPnectian-:s;

lists-tinhel- Rapparent atvntge ofiuW a nsoia ctl

arA item are ge-nerally olf 'c-t bry the ialintc-
nzzfcc of speQcial fittlngs1., to.- t insir'.naetatcn D Ia ule rate av-uestoo clonez to thdr

wi rto.Il lmi~a for high -poeruesletagod
-ic so Ulmt the 6:esire-d f reque ncy 1-ill b,,- dliAe

U.3eu the leas.kt number- of waveg-usciercupllnga to nilcdban&.I
prosibie; goad preformed bends1. or flexible an -4
fiemblien rnm contlribute Inn; -. to the overaU 1

Ln ^he nelCO<. lio o a tr.s~e-i- line ae-
£rrvrclae extreme cairs in aenenibly and- tev,, the equip-tnaldsi ndwl zlb~l

jrounding of(i all1 fittigi q~rt~ga ih;oi~ certa-in 1-ir.urnntors over wi!. dh, ce~l en
to edue cron anA rdiaed ois; gouning engineer hasi very 1Mil0 C! tiri, neb o a t

khokild be done,, .. cerA2 pointl' for ln us r unva&tr yeOC~fa ndllon

Use \Ut l angr str.- or clmps, to lo -an thV \-SWII of n \poee-d taeo

[.reslilecti tpriCtlo~m suc C : ba or tape r C-net to !I; i4f .-c on th.- x ivravalU-Ile it
z-rafo cab!le, tir aneno , ho rcve Uytbility, therM- '



t~~s~ '~ coiner signs -seine rao, andi cc on, "'v hr adzdi sa I~~ta
4zair, weight, Mn -omplexlt om additional cir- coaia. limeo can' ose o r t. decadeo

ceitry Or auxiliary devices to Overcome zhae fIeqnnywt o ihcAy 'le fedeDfickencies mut't be compared to any possible considerable anvivlg3 in o120 vo eifp a
lm m rvementa the-,Z teneilAmion line. Tme frequencipa 'w 1002 ii C, vtIo via vespikh
traastnmmsl n Uina ax Ito shIpping containersj dJ~neasions beoe 1 ,olilr.Ca ia Oe
Can he a Sifg]icat factor in the voltsme, a~re a imble over a, wide a lwe mo rmt.

* weight, ~ ~ tm~ an !nbfi-o-mVsdtiapiece oil tig a choicfs of etteniatten £mzq pnrer he in.;j-a

2Walion are alwayo gained at the cost of up to their cutoff. Flexible cmsdal cabica , ame

- greater attenuation, whicli may or may not the most Versatile in apg iicxi'n~ Up in ap-
be acconnpanied boy a loss of poweor capability. proximately XO,O&.. Ilk A lanjority of th'a

asciated coxalcwoaf .lwl opeamte
'WALnu v~-lnns.Calidq over the ;.ad 1requency range ed the liue Azoe.

- Design is simplified by the feat tt nth gue
V A good comprawiee can be achieved by w avelength is independent Wi treuecyno

- a comkbinatlon of trans sion lines inas~much depends only on the dielectri tnci Certai
as efficient tranitionsa or adeaptors re ajvail componento are. difficult to dign diza to

~ 4 able foI uhbtronc.oe o iiu the rad field conilgurelien, sad difficult
~~ .k4 ~~~attenutg~ion and masmumn power, macguidea toZAfactuxe becausm deoilgorl'

4 should be used, lblwever-, these parameteias
are established once a frequency rvnge and in addition, special cninciuasfni

9P. cros sction ha- -enseetd. They are guidev, an coaxsal l ns re nimn to advamuigoa
caos be exen .to 4.9:1 aeet cnieal enrpe srpln"chaa fafa

I inse. Auxi liary components to poerioryy a groun)ssd Pli ("open" ty'pe) o2r twoan-,-44 ayr
,*i'x~ myriad of ectcalld aiechin1cai fu-nctionsg metrical Lzround planes "e sd uC phieldesi

" e ae avaiiaV' in Vaveguide sirzictureu. lbs1 type). StrIP lie Cans b3 used bopyeduce com-
great mnJoAity Of the-m will ),o n0Anbi over poneritt or combinations hreo wt ~~u

heenire wegidde band itih ai reavo-iil sieAt d weight ad at low' -rAby mutoymatic
'A 24I lowP514/ Tre are certain deslin lidi productionl tecniqes Dat -,m itoand ocher

d Uxile varition Cf guide wav"'elength ill r thi thzy airensot consredgoratpnpoeteae
famc-"""c range of 3So-T wAvoegon. mms;d-on lines.
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trNigi. AlioYktro, 23 spetryciflcatlone, do 86
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-j A~u 'atece crcaftl onte~ batterie mtr-al,0,8
bowD a4 irao ecs 924

11mp~fo, dciS M72 M volge e ife, 92 qrjifired yCLOPO, "17 422 wetigtsdn dlrnntilc t4l),
trnnnorad 02X' ax~~a,7 rilavfr lres, Ma4

g tamcnisLo o, 23 Bcntry-clri ads,- u 24A
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Baesl liflo volt-c, a24qW ai vomp eure,2
S e~~~~teifadb ~pe,24 227,n 229.7, alttud efoto, 24 S

ti~~srtnococontro of4 airl flvotge, 2M3
Aticu LAfetrtne 03 centIfug, ada33 e, 4

3~0fas air delv'err toe

- hnat ij~o 1C~n1 68 aruct forwt237, 240

altltu efety cu2 uVt 1ut~ , 23

cdriy vs amper uro/33 230ilI chaecteretica oiecrlcal, £8aial flow, 23,24

on-cl-alghy, o 9 cslcatatlo, 23
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onstrustlonz 3 ure ca, 219

dry ells-11, 92-9 van pultatags, 24 W
(efelse' Vps.r rda ae 239

rialt 2h5el240
hot rJptj ra3 o ail requleta, 235

tlnely, 3 figaltsd 255-257 ,214
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moisffture effects, 92 HAW penn, l 2 U4
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~4a~ei (~44Circuit breakers, 103-119
UlFirr- cge, 2U3 calibrating trip, 102

J E-elay trip, 103S

LRT'nzing rnesn0 101 reverse current fri z1 I U-
bridwge roctiev circuits, 39 shunt hip, 105
IBMas tyamotor 81-33, 65, 'a specifications 103

temperature Jdectn, 110
temlcircuit tymon. 103 r

~4 time-delay charactcriettcs, 107
Coatings, printed tiig boards, 101flCz1 1es (zaiw Transmlsslon lhws.) Coaxial lines -z,~ TrisrnlsslOn UiLa.3

IC Capac i*.ta 29 Commutators (flce DPntmator) 1 3 ixIj11Capac1tor-ba clinvcteriic0 Components, asml - rne i~
Cartridge itazk, rectifier, 41 Conductor pacing, printel circulto2 18N
Cell, retiflar, 4 Connections, crImrped, 181

1 ~joint strength (tale), 2332 Cb~~era,215n joint strengthionig 2MW
ngina eftetq, 216 photo-etched, 2$9I aMplifior atabllizatio ,, 226 pressure, 187
bridrO Pnull ewtoctvr,27 Connectors., tranomoilniwi in' %.3 231)
cliarz citc (table), 217 Conveyrtion efficiency nolwaiwn rectfflor,' 10
cItier, 214 Cneson ratio, aelenlum r-etifier, M1

xatirzin ' 13  ~-gornsni w andslcon recIglars, S2
.Y 7d-e drivo, k Z svlerium rectifiers, 1S

dcfIt~o, 14Copper--oxido reci,,fier (avc Pvnctifler'l
deolua~c,224 Corrosion, effect on Lipoeas,reifrs
claanre.215 5, 23, 415

drtvc, vo~agv variation effects, 21eoiderig Puxm, 105
g fr~ency"20trenmmilsslon lines, T24

tvvironrmeavtal considerations, 218 wacveguidee, 324

Yltg&'fli comptAio, 22 Dietroc strodot, eiu rectif ier, A, 9

.~ - drinai-i frcqunc 2 10

upcclficaticas, 224pr -.
fomperators cffectn, in217,

avw'tniC ocrolg, altiude cefets,8,. 29
rcn, ' 234 arcolu -o er, firF 62

typscd~ zv;ir, 280 arzature-tsorqu cllsiacerrts M013
zz-soix'khncm c iso M-f, bilres ch1-83, 35 ra 72nc w

v-;lxatin e ippe,212aearona,3
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10 roira wat~ IMlctrical measuring inatmmennts (cant)
>8K canraceristc trical, O13, 6!), 71 ohmmeters, 118

4 j 50 Y Coing ' ~overloading, 148
~~ rsina~rs 31-GOJ.UI 118

poloo, R pinters, 1413
-re C-u iaoitoa indicatore, 12

Purpreferr2ed ranges (table), 116 -

croam PrbC$52O, 00 vatio indicators, 126
*'d 6tcyclc6 rectifter-type, 123

cc- .oamra~ ' resstor bulb, 133

onvlrazten a cts, 7 eeponse tiwe, 113 -

field atvrJ' rotation speed, 133
M&eldtye. 1 ruggedAed, II1J

bdis'p e~ 67 scales, 125, 143-143
lur~aio.60 s-election criteria, 130, 142-

m Ocehardeal propeortes (24ble), 29 crise resintorn, 130
~ ainnturised, 72 shedn,144

sj I I ~ 'IMo=uig, 66 chock and vibraton eifecta, 1457
a-nortankiro, 68 shunto, 1U0
ouyzut volta;gerntl~J 3es, 140
ratioga, 70 s~pectficatlonfi, 115, 134-139
sc$513t14?Th 7 tipaed of Indication, 114

I a-f noice, 6b temratuhire effecte, 114, 1r2, 1240
rid lt" -30, 7% temperature momouremonts,12

6_ 7-70 terminalt, 146
sy~d-ledrcxetrltcs,4 tixsmai 'wttineter, IPA

taioeriue lfocts,:, 72 vIbrAtion effects, 147
temperwfture 3rie, 61 VII meter, 120J - ierrnI progenieso (table), Owl waweforxn erroro, 126

.1 zero corrector, 122

Electrlcal moauerring incjgirumotrq 113-150 Elcrl sis, oldr, 105
120 ~cpnain etfe,1

-ceuorh,' 12V -13 6 ~'ronnrntal clifents onl components,. brt-
tories, 22

2pIaia' ' zag Al tx_ em au etc.)
dynarloor, 72

c~-~is" lcci Ical meanurin instrvunentz' 146-140
color coe"' 1.35 rectIulers-, 43

dnwpfI3f_'Cor'115tranmlator ized porter oupplive, 7S
duel mJL U~ trmnron !inen 3225

ircqowrcy cowmirn, .1'
* f frequency effeict, 121II feouucyerroriz, 135

frequency Uwdicators', UPt -ailure c:; usos, emrieorauctor rectifiers, 32
fieuoc-nposv ntok, 134 Lanai (see Blowers)

functionz iradirotors, M2 Fillet height vs.. terinile Mongth, 207
- . tinternal ro~a~5 118Fte r, biowc- (6e" Blouv rs)

ironvan, 131 sngl-phase rectifier, 42k les-zaae,116 !flues (see Solder)
f,. mewtiodvaytypos, 12-1 Forward current, rctfier, -4

1V20n~eifl tjY ~ 110Forward direct~on, rectifier, 3
tnilllveitmeierrS, 117 Frecucacy Indicators, 127
mlultlrq 1. Frequiecy metcere, c rosd-aif, M2



I i~-2nmglc-o ftI1beo for rectifiers 4 Junct~o rectiflee, heat relat:Lcxc6!0
IFuo,3j dffct on corapoenta, bafferia, C2

3 dynamGrt'o' 73

:rca arafe lltri, 1@

Leakage, 08thre, 3~ fer
d- elii perationer, I7Nlmua - 19I~

Schax n -tipes, 0 iatas eeiu etfe,2

K V imitrs (~rcrft Lmes), 1001 Low-wK)sC cabloo, M9

101-1044

Tfatirgr; enmflsigo tylv (tczbl), W9

stoat r-A ~tt ncrtrtdge type c~~, ~ ormna
spscif~cot~ezz, 103402Mzters (noe Eectrical n~t~Isri

cboper

aflect on

GIC A p-~rreynements, (i oiur 'elp~acc rearsa& leMrza
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d-c, 2 t3
llaad-Ilrco _r 4l'e, dul-&upoc 255
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fl02t23 w s 4hads-t, ,31
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imxtmee ryuracatra se, mo5940 l~d qp.M 54 -uhno'S
Int !t~alA cactorics, 77 tinier5 c, 251n W%

inductorT.tur risre, deig, 11
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Ohmetes, 0Radiaiona, effects on wbatteries,

Osc~fltlous,, cit oyper 224 D3
-- rectleng, 48

trancnnlsloo lues nd invgesj6,
Ratingvoltage, rectifier, 4-

Fzakim.4ee ratft, retige, 4Rectlflera4 3-48
plutl wiing,15 air cooling 1A

SPosion Indicators, M alloy junction, 24
Potential transformors, 131 altifr&t '4Iectsa, 46
Power, applic-UaS, &146, A QWlicton conailderatiangj, 34-N-j- Power -conversion aytanis (tntle), W ~ back current and- volt4's, 4
Power roqulremonfa, u.c& 5 bane patv, 4
Power OnurcaEn, 3-04 blankinug !ayo3r, t

SPotvier stack, rectiffer, 4 brleo SO
PrOSBanro, effect aon compoanent (N-- AM- circulta, cbarpcterlstlicz (hbieas, 35, 48

rinnqy batte ries (seeatrs) C-flptefltvo lo4d, 3T
Printed rAring boardc, 153-A71 battr load, 311

c or artue-bas e d, I cuolbiwT, 12
comoonent muowidnig, 103, W IGO ~ ioe ;viaaoe trceltc
conductivity v-, temperattem.- rie 157 Li l

Vconductors, c1rcrltci a tln 45
copper foil, 1(39 coumTer Cietrda,4.
peeling, 1cinW,3 __

repi, 176 dluc r~to,2

current cairrying capaci.tyR, 153 AnlZ~iS~t,1
doeintin a7d re-ty,17cvis--Znntal effecfts, V;1

- eei pro, ertieil filtorsfor IiaAy ~ l t~2
dr~iq ntto prablem, IVlU-es.2

qtrcjigths (table), 157 gsrmt A:en, ;tnd 3llica, char,~eiss 8,

otched~re~tajx Mpra nutr 1

f ,bdciionnw~ch~ilc-uJu71c113 Z tye., 15-c
moietured~-prclv, 161 L~b 33 ,3

pl lenate, mpiren byzodrI ; ~ l et, 33n

plen crafmicnl, 174 parwle r- rapVtoi 3 2tW
reiury b7 pe a irs a e, fV

reMolty, 174fli. 1 . r Jtbil ~ trertr,2

Alvcy o;tgrrr~i Mii 175- tseries 3p-3~n,3
sldeing cosmtderetioan 174 , naie

fm-oifitryf; 15 ,17 surre cvrreis perrnztl-e,

submIire fehi~ tesQ a17vtng 1Th .Fy etabdhty, we i

t.ier :in (a ctru11o, 15 temge rtooa, 35

tolran etbl)., I4 thrrnisabl-y,
Pusecoblc se V.- 'mlsi 2"I- -a) 'orn uc ,2

15 6'176 strraciirn353s1: 7; .*t------------*-. 7 Mm . .- - -5
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Rcctlftors(conQRettrg(a )] h~alf-wave, 38 vt 'ooverload effecb, 1
Inductive karl effetse, 30, 30 wzhs rv aad coa~ctr2 D
leakage current, 4 shelf Wie, 4
lo-ad consIderations, 2384 singlo-,'arne filters, U1

a-. nE-gneslum copper sulfide, characteristtcs aingi-{nplosme, fu11-waw,. charsctorlitice,
25 Uyntcbruz. vibrator, 4-9

multi -phase, 42 tub,-., vs. semiconductor, 4
operating charactarintics, 13 type comparison, 6, 7

pa~mging, 27voltage qL-zdu r 34

paraingy wih27 trl-l capacitors, 44 Rectier- ~meauingilaotruments,ll

rzdiation effects, 4ARegullation, dynamnotor, OV 1

atilgB'34 elum rectifier, 19

reverase rtirrn, 4 Reiblt,2zfpiz 93
sand and duMt eflectn, 10 germanium amnd IO s lco -fctlere" 33

zaeliaigchrceltc,45 Reveroo direction, rectiffor, 4
air cooling, 15 Pieve rse-current reactifier tests, 20
applicatlono, 7 Revere-s rltzget in capnclor load CIrt1dLI)
bqw pltt,

V ~brackets, 10, 45 R-! triladssiso lines (aT ratict
cpacitace, electrostatic, 7, 19 i 2 e-
cell conotruction, 7

circuit ftlatc, 30-43
co-a-cts zan wavtera, 9
cooling, 15, 18 &SA and dust effects oQ C0cpovnti m'cti"
converslon efficiency, 19 i5r,4
corroaao' , Slnum rectiiar (nce Rctiru

currert deadlty, UA, 13 3Jitock, effect& On comsouiLojot 1

curreinv vs. "ren1 15 electrical mneasuring inrtrum ear, 147Ideratli% 2t higb temprrature, 17 trralole- oe ~3V ,7
diciectria otreegth . 2 Silicon recti-fiers (aeo Rectiier4-)-
diffused jaactloo, 27 Silvor mi~gration, 1M5
'efftcatincy, seeimvs. ntotor-gentrto-, Siliver sle~g 8

Ii) Sockets, vibrator, N4
flaw detection, 45 &olar o-e-terirzi, 94 --

ilghl-d2Z l~ity Cells, ii ",older and rod~lng, 110
high-temperature ooerqti@n, 15, 23 aging, 1IN
life to.qctancy, 14, 10 a'oakilcadIprte,174

lie rformlancro requlremonts, 24 co asiin va. uSge (title), lI"
life tesns 23 contel:ts, 182
lo-tunemer-aiure Operain 2-3ispurfte, 18:7
talalnium pcitconvection c04)led, -1$ o-Twli point, 1833
rnoiiturr. realsatance rcquireinn., 2.3 melttag rar: ce va. roras tocth (tabl), 04J
overloand capzetty, 18 molting tf~'itrr

I Paints, 45 Aluminum, 1IN
regulAion,-19 c-"nia lr.cteristico, 104A

reVerse leakage cunt, 16 composaltions4, 183% 19.2, '107
sh e 5C-orrotilon from- flux, IM

Ipcition 21-24 Creeip, 1M, 2053
stac-ka, 8, 40dip, 184, 7.01-21j
gftrndard 13li 20, 1
temiw) tr 4t u: rive, 15 V-tcic~cclcs13

teprataro elecii'i ioyelc,

te al p-- ra Anu to
tsts, 11, .20 Crcactd, 194,

voltage dro-p ms loA, IS application, '190, 197
volta7ge dro)) ptme ~peratilli time, 1chorkkde, I"-

a .354 't
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organic, 193 Sw edi deslr prtd, 7

it printed -c ircullt 160, 16-5a~v~nty'prtcd 44 . purpose, 1B4
rosni% 181, 185, 1113 S

tniy9Oi, IS3 .Teimiepatnee effects on compoxtnnt, batter-
ft galvanized Iron, 187 cnat,8

gun, 184 -lTotbatrlt

heat requdrements, M'-' dyncvroto 12
hand-Irn, 184ctric A rt ;auring Instruinz-nz 1141 iimpact streng-th, 204

Induction soldering, 185 t-2nierv, Noweor, 251
iron. tip materials, 10N prinle& wirinig boards, 117
I tecrciques, 107Ijoints, acceptable, 190 rectilit r, n3 L o-,T ,

failure cnuses. 203 se1l1er, 14p ertpi,

strengthening, 208," 203 a~Ur, 1.29L,d 200 o c-j1;, 779testing, 202 tm uAora lin3e;V nickel, 187 a
physical ch.rceltcs 9 2TempeY-rattre ouemn12

printed Circuits2 (rjee Printed vArlng boards;)u eciir 10, It,

ahear strvength, 110-11Ten: vlreo

metngpInt (table), I190
colderahutty, meotaln(iz e 175 -otf r,42spciic , 18-190 Th rc-ptkser*ctivsam, ndco rectifier,4 sainessatel, It6 23

5 surface~ preparsatton. 190 Tbzle cspactrne vibrator, 54

techniiqueii, 181, 184-187, 13-iS M,2. 01, clx:. ,,ctexiU1csq, 74748
210 cf Iyc,7

te siltrngth. 200, 201, 204 t1;incy - (
tin content, I9 19 fr -rnale1ct,

theri.aul conductivity, 19535.I~ fre-quecy, 74
tinning4, 1INatrhnd u cptittta 75-Unless3, 16,2 rt'~i%74, 78, 8

SpocclicAtlens, b;tterie, Si r-cI-trlk icia 7'S
M o e rc v 2 5 7 a * c f c $ c ~ , 7I ho~xr,224 &xr o jcrstiun77

fvises, 602-10 M,3F 3

I ~~ ~ lw- solder 18-10 1iwrJ abn;29trnnstatnrizcdt-q,!Z~-J poe uptQ Sbwsi .7

I virtercut i IM, ca46e 3aaccS
1v. w-ave~ukie, 321 C Vmrceida (tie, 27

Slack rectier, i 4 Z3-1tto, 267,26 S A9,a)
btnk aetrans mlno tine 70 arctnc,

im tox u vr r pp),ha,67

sailtllz 2131
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Transninsina lines (exttQ TianamIasgon limea (cvint)

ciurnting, temperrezrt, 2& impedance, 263' 28
dicondico, surfacea traesfer, 271'

po,:': katinge, 2T3% 28-4 289 parameters, 202-M8
ap< dilcationti, 231 p hase constanit, 253
voltage ratingSx, 2t3-. power ratings, 268, 275, 277, 2v-" 4 29M

Helical membrane, Mi, 28resmure eflects, 278, 32-3
hig--atenuaion VVpresurized, 27W

low-canacttanee, 2MS-nopgto conntnnt, 2
low-rolan, 299' - propertlen, 234
size and construction (t), 2s" pulse cables, 292-2w3

Teflon, darst.Ing, 271"-crattsi (bleN

Iooe h--ln trnnpcdnuhatye 2930
U : ~:oadal,28629Jpovver ratings,M7ttenato. 23-2, 21 

3coAttin~uts, n368. A- Pyroton, 2M,
centnr conductor tepar-atuorn r~rse., 2W6 voltag rtl gs 20

quarte -we propor-' n, 22
llmvno ions , .2M atine3et,3

cortuet 2:08c-f aracterietten (taL)e), 285
fqsayrane 21 .mfoxbe 277-2"3

lrnpcd--Joce, surfnce tr;a-nfer, 21! chunatorinatIcs (t'tie); 380Amechanicfal entrgngrn -olmld diexi,270
optimum dlimttr (tbe), 267 Gpacflicstent 281, 2reflection lose dun In abialdg, 27.1 ~ Iairigid t)7 -277 Atadards, 2M

4) 1beadcontructlona, 274 Styrexc, 2k8 2811 broadba4n d tyo (tas, 275 trnali -onu 1A re 200
ckarac:rnUcs (ttoe), 272, 273, 274 twnlad. "AO

cc" 'itctlon, 272 IOkprating, UM ?'
Laxpaoalnon anid contrlaction, '77 ye waivt:,Avcmprxi3,:I lw~rquecy,213VSWR., efinti, 2-3

po)Wor riating, %75, 77 Twinl lad., U ,5
pres;surizecd 1hiev, 20%

1 stub -aupporte.d unicrogare, 122
S shieldkig, 271j I composito systemis, 345 Vibrrat!on effcts~ en Pwpn t, aire,14.

comicctorii. 23-29 fhjr, A1PIUStc, cable,' 29 lect*r Icl eIws urlnarII tnr!# &nnts, 147
Crnion effectsg, 324 sele-id1um r'ctifiers,' 2.3broadn, 28 trnioai0 owrc0Ae,7coute, 2G older,20

Crogoafak: 271 Vlbralors, 47-59
detly liMn 29dvantrges, IarCLC,5

charateitcs (table), M0 iginl(" 55
der.tMng, pow er, 270 baste3g diagrza,

dual cables, 2W current rating, 561'P f~iice-y,230dielectric sttrv-zgthj kte, 561n 1M11(n Intal factors, 3.21-3M, driving clrcuits, '5-1)
Foamfiex, . 10, 280 dulal lnternrtpv, 4.9

ii 4 ~ ~fcqucocy raiv ox ti, zt evrozena requln'eYmts, 58half -ravye. propert1i, X5 . rcquenccn, 54

itSU



S -Vibrators (ot)-Waveguidei ot
input voltaffea, 55 dimenions3 (tae), 311
interference, 5 frequency rap,,e (tableO. Ila
Ife 52, 55 mnodes, SHO

v ., moning methods, 5i1 power handig cspajlty, 318
operating parameteri toleranceo (table), 311
power capabilitleB, SL. corrosion, 324
power-to-weight ratio, 5.5 couplings, 3190-321
ratings, commercia unita, 57' environnmental factorrs, 322-32.5W.rectifiers, 46 flanges, 314, 319

~ reulreien~, ~preferred types 'table), 322Sselection factors, 55 flexible, 315-310
(- single -lnte rrtipter', 48 charicteristicei, 31W

sockets and enclosures, 58 co-atuctiono, 317

W p.t-reed, 4equechncal prperte 61 ble01
z ynchronous rectifier, 40 rqec ug,21 0

~ -temaperature range, 50 humidity efecL, 323
Iitiming capacitance, 54 Pivman4Ie, 304

4voltage regdlation, 53 mfetals, characterletica (tabI .10.
Voltage doubler, 39 modes, 300, 302, 31(?~ ' ~ IVoltage drop, forward. 4, 22 nuc tear radiation effects, 310

't*ot - ., 20 power handlin.Z c-parity, 304
Voltage multipliers, 39-42 p~~s~ efefecta, 33
Voltmleters (see Electrical mc.. urlng aflstru- Aeuangular, 303-3t,'

ments) -. attenuation, 3111
f IVoltolhmmeter, chopper, 22? band widh, IN

VU ieter, 29dimenalonu (gable), 307
- 129 electrical propertlez (table), 0

- frequency ran,, e (tablo), 307
W metals employed M

millivaeter typea (table), 304
Waveguides, 300-329 -parameters vs., dimen:3iorw, lid

aeronautical radio type, 314 s~pecial 2.0:1 type, 3.10
-' altitude effecta, 323 toleraneec (tablo), 30'?

~$attenuation, 303, 305 ridged guidoz, 303, 312.-315
milllimetek region, 312 atten'"ioa, 314, 3.15

bandvAdth, 303, 312 bromu-band, 33
bellows, 317 power handiling capncity, 310

~.broad-band, 313 spectifcationo, 321, 323

l: tI~ qcoeculni,30sadrs I
ciclr,33 3932 s Asaiuin11so 62 1

0,6~ ~ ~ -l aeegt 0 iei~eah(al) 0

'~ ~A

all4y -


